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Boranes and carboranes with odd skeletal electron counts are rare. This work 
describes one-electron reduction of 13-vertex carboranes by group 1 metal. Several 
carborane radical anions, [l,2-(CH2)3-l,2-C2BiiHii][Na(18-crown-6)(THF)2] (III-l), 
[1 ’2-(CH2)3-3-Ph-1 a-CiB 11H10] [Na( 18-crown-6)(THF)2] (III-2), 
[1 ’2-(CH2)4- 1，2-C2B11H11 ] [Na( 18-crown-6)(THF)2] (III-3) and 
[1 ,2-(CH2)4-3 -Ph- l,2-C2BiiH,o][Na(l 8-ci.o wn-6)(THF)2] (111-4) with 2n+3 
framework electrons were prepared and structurally characterized by single-crystal 
X-ray analyses. They fall between the two well-established and abundant closed 2n+2 
(closo) and open 2n+4 (nido) structural systems. The results may imply that larger 




对13顶点超级碳硼烧进行还原，来合成具有2 / 7 f 3骨架电子的碳硼烧自由基阴 
离 子 [l,2-(CH2)3-l,2-C2BnHii][Na(18-crown-6XTHF)2] (III-1) ， 
[1 ,2-(CH2)3-3 -Ph-1，2-C2B11H1 o] [Na( 18-cro wii-6)(THF)2] (III-2) ， 
[1 ,2-(CH2)4- 1 a - C i B iiHii] [Na( 18-cro wn-6)(THF)2] (III-3) 禾口 
[1 ,2-(CH2)4-3-Ph-1 ,2-C2B 丨丨H丨0] [Na( 18-crown-6)(THF)2] (III-4)，并对其结构使用 
X-ray单晶衍射进行了测定。此类含2/7—3电子的簇合物正好落在已经有大量实 






"BuLi …butyl lithium 
CAd carbon-atom-adj acent 
CAp carbon-atom-apart 
d doublet (NMR) 
dd doublet of doublets (NMR) 
m multiplet (NMR) 
s singlet (NMR) 
t triplet (NMR) 
DME dimethoxyethane 
Et ethyl 
Et20 diethyl ether 
IR infrared spectroscopy 




MS mass spectrometry 
Ph phenyl 
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Chapter 1. Introduction 
1.1. Carboranes 
Carboranes are a class of boron cluster compounds with one or more polyhedral 
boron vertices replaced by carbon which have been known since the 1960s.' These 
electron-deficient neutral compounds are classified as closo-, nido-, arachno-, and 
hyp ho-, etc} according to the number of skeletal electrons. Their structures are 
related to each other as the c/c^^o-species adopts closed polyhedral structure with all 
faces triangulated whereas those of the nido-, arachno-, and 少;;/zocompounds can 
be viewed by sequential removal of one, two, and three vertices from the closo-onQS, 
respectively. Figure 1.1 demonstrates their relationships. 
• - 零 • - 零 
closo nido arachno hypho 
Figure 1.1. Cage frameworks based on a 12-vertex icosahedral cluster. 
As the classical two-center bond concept is inadequate for electron-deficient 
situations, the bonding structure of such molecules can be written by employing the 
concept of three-center two-electron bonding, in which three atoms are linked by a 
single pair of electrons.^ In these clusters several types of three-center two-electron 
bonds may be involved, as shown in Figure 1.2. 
B B p M 
^ B B B B 
Figure 1.2. Typical three-center two-electron bonds involved in borane clusters. 
1 
1.1.1. Structure and Synthesis of c/£>50-Carboranes 
The c/o^o-carboranes (C2B11H11+2) are the oldest and most investigated ones in the 
carborane family.4’5 As earlier as 1960s, the c/o5o-carboranes of the general formula 
C2BnHn+2 wcrc kiiowii for n = 3 to 10，Figure 1.3 shows the geometries of these 
molecules. The preparative routes to these compounds vary as the cluster sizes differ. 
The small carboranes C2B„H„+2 (n = 3 to 5) are normally formed via high-energy 
combination of volatile boranes and alkynes in electric discharge or flash reactions.''^ 
Other methods such as conversion of m.^ /o-carboranes to c/o^o-carboranes/ reactions 
of alkylboranes with alkynes,^ dehalogenation of alkylhaloboranes with alkali metals, 
were also reported.9 
秦 • • • 舍 
(a) (b) (c) (d) (e) 
m % ^ m 
(f) (g) (h) (i) 
.• # 
⑴ （k) (丨） 
Figure 1.3. Structure of known polyhedral C2B„Hn+2 molecules, (a) 1,5-C2B3H5. (b) 
1,2-C2B4H6. (C) 1,6-C2B4H6. (d) 2,4-C2B5H7. (e) IJ-CZBGHS. (f) 4,5-C2B7H9. (g) 
1,6-C2B8H,O. (h) 1,10-C2B8HIO .� 2 ,3-C2B9H, , .� l,2-C2B,oHi2. (k) l,7-C2B,oHi2. 
(1) 1,12-C2B,oH,2. 
The intermediate c/oso-carboranes C2BnH„+2 (n = 6 to 9) are usually prepared by 
the degradation of icosahedral carboranes R2C2B10H10, which can be readily synthesize  hrough the reaction of B10H12L2 with alkynes, as shown in Scheme
2 
1.1.10 The icosahedral carboranes R2C2B10H10 are attacked by strong Lewis bases to 
yield R2C2B9H10" ions. Protonation of the ions followed by pyrolysis yields the 
11 -vertex 1,8-c/o5o-R2C2B9H9.‘‘ 
Scheme 1.1. Synthetic method of closo-o-CiBnYin+i (n =-• 6 to 10). 
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Degradation of 1,8-c/050-R2C2B9H9 or oxidation of IJ-RsCsBgHio' ions 
produces an open-cage structure of l’3-R2C2B7Hi卜 The pyrolysis of IJ-RzCsByHii 
yields a mixture of 8-vertex carborane 1,7-R2C2B6H6, 9-vertex carborane 
1,7-R2C2B7H7, and 10-vertex carborane 1,6-R2C2B8H8.'^ On the other hand, the 
10-vertex carboranes 1,2-R2C2B8H8 can be prepared by thermal or base-induced 
dehydrogenation of /7/Wo-carboranes 7,8-R2C2B9Hio", which are obtained either 
through sequential deboration of 12-vertex 0-R2C2B10H10 or by acetylene insertion to 
B9Hi3.SMe2.i3 The 9-vertex carboranes IJ-RiCzByH? can also be prepared in a 
relatively high yield by pyrolysis of the sodium salt of l,3-R2C2B7Hii in 
3 
diphenylether.i2 Good yields of 8-vertex carboranes R2C2B6H6 are also obtained 
from the pyrolysis of pure l,3-R2C2B7Hii in vacuum.'^ 
As mentioned above, or//zo-carboranes (0-R2C2B10H10) are normally synthesized 
by a two-step process starting from decaborane BioHi4.'° The reactions involve in 
situ formation of the B10H12L2 adduct followed by alkyne insertion. The typical 
yields of this method for terminal alkynes range from 6 to 75%, whereas much lower 
yields are given or even no reaction takes place for many internal alkynes. Recently, 
Sneddon and co-workers reported an improved method for the synthesis of 
1,2-disubstituted o-carboranes by direct reaction of B10H14 or 6-R-B10H13 with 
terminal or internal alkynes in ionic liquid in high yields (Scheme 1.2).''^ 
Scheme 1.2. Synthesis of ocarboranes in ionic liquid. 
_ + — . ^ 拿 : ， 
R = R' = Et, Ph; R = Hexyl, R' = H; R = CH2OH, R' = Me 
bmim = 1 -butyl-3-methylimidiazolium 
1.1.2. 0-Carboranes 
In the field of boranes and heteroboranes, the chemistry of o-carboranes is 
extensively investigated, owing to commercial availability. There are six types of 
important reactions for o-carboranes: (1) deprotonation and introduction of 
functional groups at the cage CH vertices; (2) electrophilic substitution at the cage 
BH vertices; (3) base-promoted removal of BH vertex from the cage to form 
m'^ /o-species; (4) reduction of the cage to form nido- and «rac/z/70-species; (5) 
thermal rearrangement; and (6) preparation of supercarboranes from nido- and 
The o-carborane unit displays strong electron-withdrawing characters with 
respect to substitueiits attached to the carbon atoms. The mildly acidic C-H bonds in 
4 
o-carborane (with the pKa value of -23) react easily with strong bases such as "BuLi, 
PhLi to form C-monolithio-o-carborane or C,C'-dilithio-o-carborane, which can be 
converted into the corresponding mono- or di-organosubstituted products (Scheme 
1.3). 16 The synthesis of a mono-C-substituted o-carborane is a difficult problem due 
to the disproportionation of monolithio-o-carborane which leads to the undesired 
disubstituted product. 
Scheme 1.3. Functionalization of ocarborane on the CH vertices. 
拿 H ， 參 L i ， 參 L : J ^ R 
|RX 
曝 H 
Hawthorne et al. proposed to protect one carbon atom of o-carborane by 
,er/-butyldimethylsilyl (TBDMS), as the reactions between mono- or 
dilithio-o-carborane with TBDMSCl only give monosubstituted product and the 
TBDMS group can be easily removed in the further deprotectioii step, which makes 
the synthesis of mono-substituted o-carborane facile (Scheme 1.4).'^ The easy 
functionalization of the cage CH vertices results in the emergence of numerous 
carborane derivatives which made the further application possible.^a 
Scheme 1.4. Synthesis of mono-substituted o-carboranes. 
象 H ；工BB二SCI 拿 H 
18 
It is generally accepted that icosahedral carboranes are aromatic and undergo 
electrophilic substitution reactions. The o-carborane contains four distinct types of 
5 
boron atoms that may be ordered according to their distance from the carbon atoms, 
with B(9,12) being the farthest away, followed by B(8,10), 8(4,5,7,11), and B(3,6) 
which are adjacent to both carbon atoms. Those farthest from the carbon atoms are 
the more electron-rich and those closest are the more electron-poor. As a result, the 
full substitution is difficult to achieve except for the very strong electrophiles. For 
examples, the reaction of (；-carborane with excess elemental fluorine in liquid 
hydrogen fluoride resulted in o-C2BioFioH2,'^ and the chlorination resulted in the 
stepwise formation of a number of chlorocarboranes containing two to eleven 
chlorine atoms per molecule.:�But perbromination has not been accomplished and 
only a maximum of four bromine atoms have been incorporated in carboranes to 
clate.2i As the iodination of o-carborane with iodine in the present of AICI3 can only 
give the diiodo-o-carborane,^^ the reaction of ICl with o-carborane in triflic acid 
affords octaiodo-o-carborane?^ Octamethyl-o-carborane has also been obtained by 
the direct methylation of o-carborane with Mel in the presence of AICI3 (Scheme 
1.5).24 It should be mentioned that the cage CH vertices are intact in these 
electrophilic reactions due to the higher electronegativity of carbon than that of 
boron. 
6 
Scheme 1.5. Electrophilic substitution reactions on 6)-carborane. 
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Although o-carborane cage exhibits a resistance to degradation that is 
extraordinary when compared to the binary boron hydrides and conventional 
organoboron structures, strong bases can remove the B(3) or B(6) vertex forming 
nido-C2Q9\r\\2' anion.25 Deprotonation of this anion with strong base, such as NaH, 
"BuLi, gives the corresponding dianion m.^io-CsBgHn�’ (Scheme 1.6).^ ^ The 
dicarbollide anion nido-CjBqWw^' is an isolobal analog of C5H5" which makes it very 
useful for the preparation of metallacarborane and B(3) substituted carboranes. 
Pipyridine is a relatively mild deboration reagent when compared to KOH or MeOK, 
as the latter always results in C(cage)-C(organo-substituent) bond breaking and 
shows no selectivity for BH and BR moieties in the deboration process, whereas the 
former shows a good selectivity for both of them (Scheme 1 
Scheme 1.6. Deboration of o-carboranes. 
參 f 
7 
Scheme 1.7. Regioselective deboration of 3-substituted o-carboranes. 
^ ^ ^ n benzene ^ j v ^ T _ 
零 " " " " i 零 
The electron-deficient carborane cage can accept electrons to form mono-, di-, or 
tetraanionic species with different types of geometries depending on the properties of 
the tethering groups of the carbon vertices. The only case of single-electron reduction 
of carborane was reported by Hawthorne. Partial reduction of C,C'-linked 
biscarborane with two equiv of sodium metal in THF affords a novel 
Na2[(C2BioHii)2] salt, in which each carborane cage uptakes one electron leading to 
the cage C-C bond breaking and the formation of a multiple C(cage)-C'(cage) bond 
(Scheme 1.8).28 Two-electron reduction is a popular phenomenon in the reduction of 
0-R2C2B10H10 (R = H, alkyl, aryl) with group 1 metals, which gives 
2 29 ， 
carbon-atom-apart dianionic species [a7/6/o-7,9-R2C2B 1 qH 10] “ (Scheme 1.9). These 
species hold an open six-membered C2B4 face with the carbon atoms in meta 
positions, which are isolobal analogy as benzene derivatives making them very 
useful for the preparation of metallacarboranes. 
Scheme 1.8. Reduction of biscarborane. 
Scheme 1.9. Synthesis of [m^/o-7,9-R2C2BioHio]^" anions. 
Our group developed an efficient method for the synthesis of different types of 
carborane a n i o n s . � � B y varying the bridge length of cage carbons-linked 
8 
o-carboranes, the two cage carbon atoms are locked in place during the reactions, 
leading to the controlled synthesis of ortho-, meta-, and para-isomQV of 
/7/6/o-carborane dianions when o-carboranes are reduced by sodium or potassium 
metal.3�c Among these dianions, carboii-atom-adjacent m."ocarborane dianions are 
more reactive than their carbons-apart counterparts and can be directly reduced by 
lithium metal to form the carbon-atom-adjacent arachno-carborme tetraanions.^ ® 
These tetraanions can also be prepared by the direct interaction of the corresponding 
o-carboranes with excess lithium metal (Scheme 1.10). The arachno-carboYane 
anions hold two open faces with one being a six-membered C2B4 face and the other 
being a five-membered C2B3 face. In the presence of transition metal ions, other two 
types of arachno-carbovanQ tetraanions were also accessible. This will be discussed 
in the following part. Chart 1.1 lists the known geometries of C2B10 anions based on 
ocarboranes. 
Scheme 1.10. Controlled synthesis of carborane anions. 
q - p 
xs Na ) ( 
I ^ f 
Chart 1.1. Reported carborane anions of the C2B10 system. 
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Another characteristic feature of o-carboraiies and their derivatives is their 
thermal isomerization involving intramolecular rearrangement of the cage skeleton 
which makes the separation of the cage carbon a t o m s . T h e mechanism for the 
isomerization is still not clear which may involve several pathways. The 
"diamond-square-diamond" process^^ originally proposed by Lipscomb plays a role 
in the rearrangement process of o-carborane to m-carborane as depicted in Scheme 
1.11. 
Scheme 1.11. Possible mechanism for isomerization of o-carborane to w-carborane. 
1.2. C,C'-Linked 12-Vertex Carborane Anions 
It is well established that the reduction of 0-R2C2B10H10 by group 1 metals 
always results in the complete cleavage of the cage carbon-carbon bond, leading to 
the formation of "carbon-atom-apart" (CAp) mWo-carborane dianions 
[7’9-mW0-R2C2BioHio]2- (meta in Chart 2.1).^ ^ They are very useful ligands for the 
production of numerous metallacarboranes of s, p, d, and f elements.��’)* Our group 
recently developed a method to control the relative positions of the cage carbon 
atoms during the reduction process by introducing a bridge between the two cage 
carbon atoms.]® Thus the syntheses of "carbon-atom-adjacent" mdo-cavboranQ 
dianions (CAd) [7,8-/7/^/o-R2C2B,oHio]^ " (ortho in Chart 1.2) and CAp 
[7,10-m<io-R2C2BioHio]^" (para in Chart 1.2) were achieved.^ ® The results showed 
that a short bridge can not only lock the cage carbon atoms in ortho positions, but 
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also lower the reducing power of the resulting dianions, leading to the formation of 
CAd [arachno-RiCi^ ioHio]"^ ' by further reduction with Li metal.^ ^ 
Chart 1.2. Isomers of /?/6/o-C2BioHi2 '^. 
攀 _ _ 
ortho- meta- para-
These CAd nido- and ^7rac//«o-carborane anions are interesting ligands to 
transition metals.30。，35’36 Most importantly, they are finding applications in the 
preparation of 13-vertex carboranes. For example, the Welch's group reported the 
synthesis of a 13-vertex carborane 1,2-C6H4(CH2)2-3-Ph-1,2-C2B 11Hio using the CAd 
[mWo-l,2-C6H4(CH2)2-l，2-C2B|oHio]2- as the starting material.'^ 
Chart 1,3. o-Carboranes with aromatic bridges. 
節 e g 
A B C 
Our earlier study on the reactions of 1,2-Ar(CH2)2-1,2-C2B ioH io (Chart 1.3) with 
group 1 metals showed that the aromatic bridges have significant effects on the 
formation of carborane anions.^" However, the rigidity of these bridges made the 
conclusions ambiguous. Our group extended our research to include o-carboranes 
with aliphatic bridges, l,2-(CH2)„-l,2-C2BioHio (n 二 3 - 6) (Chart 1.4), and studied 
their reactions with group 1 metals.;? Differences and similarities among carboranes 
with aromatic and aliphatic bridges in the reduction reactions are shown below. 
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Chart 1.4. oCarboraiies with aliphatic bridges. 
A r ^ 
P J P J 
W J 
Scheme 1.12. Formation of CAd arachno-cdixhoxm\Q tetraanions. 
0 O [I 暴 ― 
約 — [ 丨 秦 — 2 
O O 丨 暴 — … 2 
Scheme 1.13. Formation of CAp «/Jo-carborane dianions. 
^ O ^ ^ s ^ h Q 丨一 1 
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{ Q 丨 I — : 
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1.3. 13-Vertex c/050-Carb0ranes 
In 2003 the Welch's group reported the synthesis of the first 13-vertex carborane 
3-Ph-1 ,2-C6H4(CH2)2- 1 ,2-C2B 11 H,0 (Scheme 1.14).'^ The very low yield of 6% adds 
some difficulties on the further exploration although the supra-icosahedral molecules 
might process a different property compared to the icosahedrons. 
Scheme 1,14. Synthesis of 13-vertex carborane 3-Ph-l，2-C6H4(CH2)2-l，2-C2BiiHio. 
Our previous work showed that the linkages between the two cage carbon atoms 
of o-carboranes can control the relative positions of the cage carbon atoms during the 
reactions with group 1 metals.^ '^^ ^ Recent results indicated that these bridges may 
1 C T Q 
also play a role in stabilizing supercarboranes. “ Considering the rigidity and 
relatively small size of the (CH2)3 unit, which may facilitate the capitation reaction 
with RBX2, 1,2-(CH2)3-1，2-C2BioHio39 was chosen as the starting material for the 
preparation of supercarboranes (Scheme 1.15).'^ ° 
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Scheme 1,15. Preparation of 13-vertex: carboranes from nido species. 
2 HBBr2 SMe2 ^ ^ 
_ - a Q ^ P h 感 
^ ^ 2( Me2SBBr2 
• 2 l Y Et Et ^ 
政 、 
2 M 巧 � 2 ,Bu ^ 
^ ‘ 
Scheme 1.16. Preparation of 13- and 14-vertex carboranes from arachno species. 
L ^ ^ 5.0 H日Br2 SMe2 ^ 
In view of the isolated yield of 20% for l,2-(CH2)3-3-Ph-l，2-C2BiiHio versus 
6% for l,2-C6H4(CH2)2-3-Ph-l,2-C2BiiHio,i5 it was suggested that 
1 ,2-(CH2)3- 12-C2B1 oH 10 was a much better starting material than 
1,2-C6H4(CH2)2-1，2-C2BioH 10.40 Such differences could be ascribed to the presence 
of the more sterically demanding o-xylyl bridge. This assumption was supported by 
the experiments of Scheme 1.16. Reaction of the arachno-carhormQ salt 
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[{1 ,2-(CH2)3- 1 ,2-C2B,oH 10} {Li4(THF)5}h with 5.0 equiv of HBBr2-SMe2 gave both 
the 13-vertex carborane l，2-(CH2)3-l，2-C2BiiHii and a 14-vertex carborane 
1 ,2-(CH2)3- 1 ,2-C2B 12H12 in 32% and 7% yields, respectively. However, treatment of 
the arachno-carborane salt [ {1,2-C6H4(CH2)2-1,2-C2B 1 oH 10} {Li4(THF)6} with 
5.0 equiv of HBBr2-SMe2 afforded only a 13-vertex carborane 
1 ,2-C6H4(CH2)2- 1 ,2-C2B 11 H 11, and no 14-vertex species was detected (Scheme 1.16). 
These results suggested that the linkage played an important role in the preparation 
of supercarboranes. 
It is also noted that methylation and halogeiiation of 13-vertex carboranes can 
be successfully done accord with properties found in the very rich electrophilic 
substitution reactions on icosahedral boranes'^ ' and carboranes (Scheme 1.17).42，43 
Scheme 1.17. Methylation/halogenation of 13-vertex carborane 
xs Mel/AICh ^ ^ 
Me 仏 e M e 
^ xsX,/AICl3 ^ 
鄉—CH2CI2 
X X 
X = Br, I 
HpOo 
—— • B(0H)3 
The synthesis of both CAd and CAp 13-vertex carboranes without any 
C，C'-linkages has also been successful in our group. The results show that the 
C，C,-linkages do not have any obvious effect on the thermal and kinetic stability of 
13-vertex carboranes, and the CAp isomer is thermodynamically more stable than the 
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CAd one. The role of the linkages is just to lower the reducing power of the 
mWo-carborane dianions, facilitating the capitation reaction'^ '^  (Scheme 1.18). 
Scheme 1.18. The preparation of CAd and CAp 13-vertex carboranes. 
silica gel 
I 
1.4. 13-Vertex /"V/o-Carborane Salts and 14-Vertex c/o^o-Carboranes 
It is well documented that 0-R2C2B10H10 can be reduced by group 1 metals to 
form [/7/<io-R2C2BioHio]M2 or \arachno-R.2C2^ 1 oH 10]LU (R2 = linkages) salts.^ '^^ ^ 
They are very useful synthons for the synthesis of metallacarboranes of p-, d-, and 
f-block elements and supercarborane，’'，’�* Treatment of 13-vertex c/o^o-carboranes 
with excess finely cut Na metal in THF at room temperature gave the corresponding 
13-vertex mWocarborane salts (Scheme 1.19). It was noteworthy that these reactions 
proceeded much faster than those of icosahedral cages and naphthalene was not 
required, indicating that 13-vertex carboranes were more reactive than the 12-vertex 
ones.29，30 No arachno species was detected, indicating that the reducing power of the 
13-vertex /?/6/o-carboranes is stronger than that of the 12-vertex ones.^ ® 
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Scheme 1.19. Preparation of group 1 metal complexes of 13-vertex m<io-carboranes. 
惑 ] r 喻 ™ 4 
M = Li, Li = THF, x = 2, L2 = 
DME, y = 2, n = 1 ; M = Na, Li = L2 
=THF, X + y = 4; 
P h 感 丨 翁 ― 
m _ 卜 In 
dioxa 门 e 
•{Na2(THF)4(dioxane)o.5) 
The reaction of the arachno-carhovane salt 
[{1 ,2-(CH2)3- 1 a - C i B 1 oH,0} {Li4(THF)5}]2 with 5.0 equiv of HBBr2-SMe2 gave both 
the 13-vertex carborane l,2-(CH2)3-l,2-C2BiiHii and a 14-vertex carborane 
2,3-(CH2)3-2,3-C2Bi2Hi2 in 32% and 7% yields, respectively."^® This result clearly 
indicated that ‘carbon-atom-adjacent’ arachno-carborane tetraanions can react with 
HBBr2-SMe2 to afford 14-vertex carboraiies.卯 Regarding the reaction mechanism, it 
is assumed that the addition of the first BH vertex to 
[{1 ,2-(CH2)3- 1 ,2-C2B 1 oH 10} {Li4(THF)5} h could result in the formation of 
mWo-(CH2)3C2BiiHii2- dianion which can either host the second BH vertex to form 
1 ,2-(CH2)3- 1 ,2-C2BI2HI2 or be oxidized by HBBi.2.SMe2 to generate c/o^o-carborane 
1 ,2-(CH2)3- 1 ,2-C2B 11 H 11. The reaction of /7/t/o-carborane salt 
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[{1 ,2-(CH2)3- 1 a-CiB,, H11} {Na2(THF)4} ] „ with HBBrz.SMe: was examinated 
sequentially. Treatment of [{1,2-(CH2)3-1,2-C2B,,H,,} {Na2(THF)4}]n with 1.5 
equivalents of HBBiySMe� in toluene produced 1,2-(CH2)3-1,2-C2B 12H12 and 
l,2-(CH2)3-l,2-C2BnHii in 30% and 12% yield, respectively (Scheme 1.20).^ ® 
Scheme 1.20. Preparation of 14-vertex carborane from 13-vertex wWo-carborane salt. 
1 感 丨 一 [ ， 零 + 惑 
Scheme 1.21. Conversion between 2,3-isomer and 2,13-isomer of 14-vertex 
carborane. 
The strong reducing power of the 14-vertex nido salt made the further capitation 
reactions with HBBr2-SMe2 infeasible. Thus the reactions of 
[{1 ,2-(CH2)3- 1 ,2-C2B 12H12} {Na2(THF)4}]n with HBBr2.SMe2 in toluene afforded, 
after chromatographic separation, a redox reaction product 
2,]3-(CH2)3-2,13-C2Bi2H,2. The formation of 2,13-(CH2)3-2，13-C2Bi2Hi2 indicates 
that HBBr2-SMe2 functioned as an oxidant in this reaction. Hence, the reaction of 
[{l,2-(CH2)3-l,2-C2Bi2Hi2}{Na2(THF)4}]„ with O2 was also examined and gave the 
similar result. Complex 2,13-(CH2)3-2，13-C2Bi2Hi2 is isomeric with 
1,2-(CH2)3-1，2-C2Bi2Hi2. Its reduction with excess sodium metal also gave the nido 
species [{l,2-(CH2)3-l，2-C2Bi2Hi2}{Na2(THF)4}]„ (Scheme 1.21).^° 
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1.5. Carborane Radical Anions 
A wide variety of polyhedral boranes and carboranes are known, the precise 
shape of which can be inferred from Wade's electron-counting rules,45 the rules for 
prediction of stable structures of polyhedral inorganic, organometallic, and organic 
compounds. If b stands for the skeletal electrons of polyhedral boranes and 
carboranes, n stands for the number of vertices, for deltahedral closo (closed) 
structures (characterized by triangle faces) with n vertices there exist {n+\) bonding 
molecular orbitals which may be filled with not more than 2n+2 skeletal electrons {n 
= 4 , 5 ...), for nido (nest-like) structures derived from the closo-forms through 
truncation of one apex there are (^+2) bonding MOs which may be occupied with not 
more than 2«+4 skeletal electrons and for arachno (web-like) structures derived from 
nido-forms through truncation of one apex, there are {n+3) bonding MOs that may be 
occupied with not more than 2n+6 skeletal electrons. Generally, closed clusters have 
2n+2 (closo) or 2n {hyperclose) skeletal electron counts, whereas open clusters have 
2/7+4 {nido), 2n+6 {arachno) or 2/?+8 (hypho) electron counts，Polyhedral boron 
clusters with odd skeletal electron counts that do not accord with Wade's Rules are 
rare. A few examples of 2/7+1 clusters, lying between the 2n+2 (closo) and 2n 
{hypercloso) structural types, have been reported, which include radical anions 
BnXn'- (X = CI, Br, I, n 二 6, 9; X = CI, n = 8,10)," B12R12.- (R = Me, OCHzCsHg/^  
and neutral radical species •CBiiMei2'^ ^ with the latter two being crystallographically 
characterized (Scheme 1.22, Scheme 1.23 and Scheme 1.24). Oxidation of the 
permethylated icosahedral borane [d050-Bi2(CH3)i2]^", by ceric(IV) ammonium 
nitrate in acetonitrile affords the blue, air-stable paramagnetic anion 
{[c/ay0-Bi2(CH3)i2].}-.48a In {[c/a?o-Bi2(CH3)i2].}-, the unpaired electron is trapped 
within the hydrocarbon sheath of the permethylated borane cage, hence, this radical 
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anion is surprisingly stable with respect to reaction with oxygen."^ ^^ The EPR 
spectrum of {[c/050-Bi2(CH3)i2]-}" exhibits an signal with g = 2.0076 and UV-Vis 
spectrum displays absorption in the visible region.48a Cyclic voltammetry of 
{[c7oix>-Bi2(CH3)i2].}- reveals a reversible wave with E\i2 = 0.44 V for the 
one-electron process {[c/ay0-Bi2(CH3)i2].}- + e' — [67o5o-Bi2(CH3)i2]^' and the 
X-ray crystal structure confirms that {[c/o^o-BnCCHs)^]"}" is a permethylated 
monoanionic c/aw-borane.48a Oxidation of Cs+CBiiMei2" either with 
PbOz/CFaCOOH (74% yield) or electrochemically yields CBiiMei2* as shiny black 
tetrahedral crystals stable to air for a few days, sublimable under reduced pressure 
but destroyed by heating."^ ^ It dissolves in oxidation-resistant nonpolar solvents to 
gave deep blue solutions, and its pentane solution is stable to prolonged visible 
irradiation but unstable to air and extended UV irradiation.'^ ^ The stability of 
CBiiMei2. is attributable to steric protection of the delocalized free valence carrying 
centers in the carborane icosahedrons by a sheath of methyl groups.49 Solutions and 
low-temperature glasses containing CBiiMei2. exhibit a broad EPR signal, g = 
2.0037(3) and no NMR signals, and UV-visible absorption and magnetic circular 
dichroism of CBnMei2' suggest the presence of a series of electronic transitions 
extending to exceptionally low energies and are compatible with excitation energies 
and oscillator strengths calculated by the INDO/S method.49 The cathodic reduction 
potential of CBnMeiz* in acetonitrile is 1.27 V [BU4NPF6, Ag/AgNOsCMeCN); 
ferrocene, 0.09 V], equal to the anodic oxidation potential of CBuMeii" and no 
oxidation wave for CBi iMei2' was observed up to 2.6 V.49 
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Scheme 1.22. Chemical iiiterconversion of {[c/o5o-Bi2(CH3)i2]'} _ and 
[c/as.o-Bi2(CH3)i2]2一. 
‘ NaBHVEtOH | 
�O BCHg^ 
Scheme 1.23. Chemical iiiterconversion of {[c/o^o-B i2(OCH2C6H5) 12]'} — and 
[C/050-B,2(OCH2C6H5)i2]^". 
FeCl3 or K3Fe(CNyEtOH(90):CH3CN(5):H20(5) ^ ^ ^ 
i S y ^ NaBH^ /EtOH 
Scheme 1.24. Chemical iiiterconversion of [c/o^o-CBii(CH3)i2r to 
[C/050-CBI,(CH3)i2]'. 
Me Me 
n c tPbCVCFjCOOH ‘ 给 ' 
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However, clusters with 2/7+3 framework electrons, which fall between the two 
well-established and abundant closed 2/7+2 {closo) and open 2/7+4 {nido) structural 
systems,50 have never been isolated although they were detected by electrochemical 
techniques.51 For example, two sequential and reversible one-electron reduction 
waves were observed in the electrochemical studies of l,2-Ph2-l,2-C2BioHio in 
DMSO/O.IM NEt4C104 solution/" IR, UV and EPR study of l,2-Ph2-l,2-C2BioHio' 
which was electrochemically generated also indicate that radical anions with 2«+3 
21 
framework electrons ex is ts .5'�The electrochemical reduction of an MeCN-O.lM 
BU4NBF4 solution of l，2-Ph2-l，2-C2BioHio to l,2-Ph2-l,2-C2BioHio' caused a shift in 
the three characteristic v(BH) bands at 2650, 2600 and 2580 cm'' to a strong band 
centred at 2540 cm"' and further electrochemical reduction to the 
l,2-Ph2-l,2-C2BioHio^" caused a further shift in the v(BH) band to 2450 cm"'.^"* 
UV-Vis-NIR spectrum of l,2-Ph2-l,2-C2BioHio centred at 44000 cm'' and 
electrochemical reduction to 1,2-Ph2-1,2-C2B 1 oH 10' resulted in a dramatic change 
with distince bands at 20100, 21700, 27500, 28600 and 31300 cm"' being 
observed.5id The ESR spectrum of l,2-Ph2-l,2-C2BioHio", obtained following 
electrochemical generation, gave a broad simple signal confirming its paramagnetic 
character.5id Treatment of biscarboraiie (C2BioHn)2 with 2 equiv of Na metal 
resulted in the isolation of [(C2BioHii)2]2_ with a C=C double bond between two 
carborane polyhedral (Scheme 1.25).^ ^ Reduction of l,2-(PhCH2)2-l,2-C2BioHio with 
1 equiv of K metal led to the deprotonated species [(C6H5CH2)(C6H5CH)C2BioHio]" 
in which a C=C double bond is observed between the cage and benzylidene unit 
(Scheme 1.26).^^ No radical anions R2C2B10H10' “ have been isolated thus far in 
spite of theoretical calculations suggesting that C2B10H12' ‘ should have appreciable 
thermodynamic stability.^ ‘d，53 
Scheme 1.25. Reduction of biscarboraiie. 
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Scheme 1.26. Reduction of l,2-(PhCH2)2-l，2-C2BioHio. 
/ o 0 I f 
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r 
2 蕭HF , Unknown Species 
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rO f 尸 O l 
[(THF)2K(18-crown-6)] + - ^ ^ ^ ^ “ {(THF)K(18-crown-6)} 
1.6. Our Objectives 
111 view of the rich chemistry displayed by the icosahedral carboranes, we are 
interested in the virtually unknown chemistry of supra-icosahedral carboranes and 
carborane radical anions with 2/7+3 framework electrons. The objectives of this 
research are: (1) the exploration of a suitable synthetic method for supercarboranes, 
and (2) the synthesis, characterization and electrochemical studies of supercarborane 
radical anions. In this dissertation, we will describe the details of our work on the 
subjects mentioned above. 
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Chapter 2. 13-Vertex Carboranes 
2.1. Synthesis and Characterization of 13-Vertex c/oso-Carboranes 
It is well established that the reduction of 0-R2C2B10H10 by group 1 metals 
always results in the complete cleavage of the cage carbon-carbon bond, leading to 
the formation of "carbon-atom-apart" (CAp) m.^io-carbomne dianions 
1 OQ __ 
[7,9-"/C/O-R2C2BIOHIO] - {meta in Chart 2.1). They are very useful ligands for the 
production of numerous metallacarboranes of s, p, d, and f elements.^ '^^ "^  Our group 
recently developed a method to control the relative positions of the cage carbon 
atoms during the reduction process by introducing a bridge between the two cage 
carbon atoms.^ ^ Thus the syntheses of "carbon-atom-adjacent" mWo-carborane 
dianions (CAd) [7,8-/7/(io-R2C2BioHio]^" {ortho in Chart 2.1) and CAp 
[7’10-mWo-R2C2BioHm]2- {para in Chart 2.1) were achieved?�The results showed 
that a short bridge can not only lock the cage carbon atoms in ortho positions, but 
also lower the reducing power of the resulting dianions, leading to the formation of 
CAd [arachno-R.2^2^ 1 oH 1 o]"^ " by further reduction with Li metal.^ ^ 
Chart 2.1. Isomers of nido-Ci^xo^ln'• 
攀 _ _ 
ortho- meta- para-
These CAd nido- and arachno-carboYanQ anions are interesting ligands to 
transition metals.30c’35，36 Most importantly, they are finding applications in the 
preparation of 13-vertex carboranes. For example, the Welch's group reported the 
synthesis of a 13-vertex carborane l’2-C6H4(CH2)2-3-Ph-l,2-C2BiiHio using the CAd 
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[m_flfe-l,2-C6H4(CH2)2-l’2-C2BioHio]2- as the starting material.'^ Our group prepared 
a series of 13-vertex carboranes using capitation reactions， 
Our previous work showed that the linkage between the two cage carbon atoms 
of o-carboranes can control the relative positions of the cage carbons during the 
reactions with group 1 metals.^ ® Compounds 1,2-(CH2)3-1,2-C2BioHio (I-l),^^ 
1,2-(CH2CH=CHCH2)-1,2-C2B,OHio (1-3),^' l,2-(CH2)4-l,2-C2B,oH,o (1-2),39 
1,2-[o-C6H4(CH2)2]-1,2-C2B,oH,o (1-4),'' l,2-Me2Si(CH2)2-l,2-C2BioHio (1-5)''' were 
prepared according to the reported methods. (Scheme 2.1) 
Scheme 2,1. Preparation of 12-vertex closo carboranes. 
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Scheme 2.2. Preparation of 13-vertex carboranes from nido species. 
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13-Vertex carboranes 11-1，11-2，11-7，II-8, II-9 and 11-10 were prepared 
according to literature methods.40a, 44 in a similar manner, 11-3，II-4, 11-5，II-6 and 
11-11 were also synthersized. Reduction of I- l , 1-2，1-3，1-4 or 1-5 with excess finely 
cut sodium metal in THF at room temperature gave the corresponding CAd 
m.^/ocarborane salts. Treatment of these salts with 2 equiv of dihaloborane reagents 
in toluene from -78 to 25°C afforded, after column chromatographic separation, 
13-vertex carboranes II-l -11-11 in 6 ~ 39% isolated yields (Scheme 2.2). A small 
amount of other boron-containing compounds were obtained in all cases. Many 
attempts to separate these boron-containing species failed. The control experiments 
indicated that the use of 2 equiv of dihaloborane reagents offered the highest isolated 
yield of 13-vertex carboranes. It was assumed that some boranes might be consumed 
by side reactions. More than 2 equiv of boranes were not necessary, which resulted 
in difficulty in separation. Donor solvents such as THF, DME, and Et20 led to a 
much lower yield. In view of the isolated yield of 6% and 9% for II-6 and 11-5 
versus 37% for I I -1 ,4� i t was suggested there might be side reactions between the 
double bond of the bridges and the dihaloborane reagents. These results implied that 
the nature of the linkages played an important role in the preparation of 
supercarboranes. Compounds II-l to 11-11 are quite stable in air and soluble in 
common organic solvents such as hexane, toluene, and THF. The " B NMR spectra 
of II- l , 11-3，II-5, II-7, and II-9 displayed a 1:5:5 pattern whereas those of II-4, II-6, 
and 11-11 showed a 1:1:2:2:2:2:1 pattern. The following " B NMR patterns were also 
observed: a 1:1:3:2:4 for 11-2，1:10 for II-8 and 1:3:7 for 11-10 (Figure 2.1). The 'H 
and '^C NMR spectra of II-l , 11-2, 11-7, II-8, II-9 and 11-10 were identical with 
those reported in the literature.40a’ 44. new supercarboranes II-3, II-4, II-5, II-6 
and 11-11 were fully characterized by 'H, '^C, and '^B NMR spectroscopic 
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techniques as well as high-resolution mass spectrometry. The 5Ph vertex in 
compounds II-2, II-4, II-6 and 11-11 can be easily identified using 'H coupled " B 
NMR as the other boron atoms are all bonded with H atoms which will show 
doublets. The cage carbons of the newly synthesized compounds II-3, II-4, II-6 and 
11-11 were not observed while a relatively weak peak for the cage carbon atoms of 
compound II-5 can be observed at d 138.81 ppm in the '^ C NMR spectrum. The 'H 
NMR of 11-11 shows only one singlet for its two methyl groups which reveals that 
the compound has a structure with a high symmetry. The bridging double bonds of 
II-5 and II-6 were observed both as triplets with J = 2.1 Hz at 8 6.01 ppm and 5.75 
ppm, respectively. 
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Figure 2.1. Stick representation of the chemical shifts and relative intensities of the 
"B{ 'H} spectra of compounds II-l to 11-11. 
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2.2. Molecular Structures of 11-4 and II-6 
Single-crystal X-ray analyses revealed there are two crystallographically 
independent molecules in the unit cell of II-4. Figures 2.2 and 2.3 show the 
molecular structures of II-4 and II-6, respectively. For easy comparison, the selected 
bond distances for 13-vertex carboranes are compiled in Table 2.1. There are no 
significant differences in the C-C, C-B and B-B distances among 13-vertex 
carboranes. 
# . 
Figure 2.2. Molecular structure of l,2-(CH2)4-3-Ph-l,2-C2BiiHio (II-4), showing the 
two crystallographically independent molecules in the unit cell. 
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2.3. Attempts to prepare 13-vertex carboranes with propenyl bridges 
It was noted that the following attempts were unsuccessful to obtain the 
corresponding 13-verlex carboranes (Scheme 2.3). 
Scheme 2.3, Unsuccessful preparation of 13-vertex carboranes with propenyl 
bridges. 
Ph l - ' p h a 
A A p^SOH ， ， \ 零 
� h 7 , 著 � h ‘ 
Et 
P y ^ E t 
Et 
1-8 
Compounds 1-6 and 1-7 were prepared by the dehydration of their 
corresponding alcohols. 3-methyl-l,2-carboracyclopentan-3-ol" and 
3-methyl-5-phenyl-l,2-carboracyclopentan-3-ol^^ were synthesized according to 
literature methods and fully characterized. Compounds 
3-methyl-5-phenyl-l,2-carboracyclopentan-3-ol and p-TsOH were mixed in a glass 
tube in a molar ratio of 1:1. The tube was sealed and heated at 180 °C for 6 hours. 
The resulting black residue was dissolved in diethyl ether. Compound 1-7 was 
obtaind after extraction and column chromatographic separation as a white solid in 
81% yield. Compound 1-6 was prepared in 42% yield in the same manner as 1-7. The 
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structure of compound 1-7 was shown in Figure 2.4. The 'H NMR spectrum of 1-6 
has a doublet at 5 5.53 ppm with .7=2.1 Hz for its olefin H, a triplet at <^3.05 ppm 
with J = 2.1 Hz for its methylene group and a multiplet at 1.88 ppm for its methyl 
group. The 'H NMR spectrum of 1-7 has a multiplet at 8 5.74 ppm for its olefin H. 
The " B NMR spectrum of 1-6 displayed a 3:1:2:2:2 pattern whereas that of 1-7 
showed a 2:1:2:1:2:1:1 pattern. Compound 1-8 was prepared according to literature 
CO 
methond and fully characterized. 
Figure 2.4, Molecular structure of 1, 2-[l-CH3-3-Ph-(C=CHCH)]-l, 2-C2B,oH,o 
(1-7). Selected bond lengths [A]: CI-CI 1 1.540(2), C 1 1 - C 1 2 1.505(3), C12-C13 
1.323(3), C13-C2 1.495(3), C2-C1 1.626(2). 
Deep red solutions were obtained when compounds 1-6，1-7 and 1-8 were treated 
with 5 equiv of sodium metals in THF. Subsequent addition of dihaloborane reagents 
yielded suspensions in a lighter color. After quenching with water and column 
chromatographic separation, only 12-vertex 1-6, 1-7, 1-8 and some unknown highly 
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polar borane containing compounds were found according to " B NMR. It was 
thought that the intermediates formed when 1-6,1-7 and 1-8 were reducted by sodium 
might not be CAd nido salts, the bridges could be broken already. 
2.4. Summary 
New II-3, II-4, 11-5’ II-6, 11-11 and known 11-1，11-2，II-7, II-8, 11-9，11-10 
13-vertex carboranes were prepared and fully characterized. The results show that 
the capitation reactions of CAd 12-vertex w.^ /o-carborane dianionic salts with 
dihaloboranes are generally a good method for the preparation of 13-vertex 
carboranes. The C, C-linkages of the cages have a large effect on the formation of 
13-vertex carboranes. Less sterically demanding linkages and dihaloboranes usually 
offer higher synthetic yields. These super-carboranes have more diverse structures 
than their icosahedral cousins. 
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Chapter 3. 13-Vertex Carborane Radical Anions 
3.1. Synthesis 
A series of 13-vertex carboranes provides new approaches to the long-sought 
2/7+3 carborane radical anions. Is it possible to isolate the 2«+3 carborane radical 
anions from the new supercarborane clusters? We discovered during the course of 
our studies on the reduction of supercarboranes that a dark-brown solution was 
generated when 13-vertex carborane 1,2-(CH2)3-1,2-C2B 11H11 was treated with an 
excess amount of Na metal in THF, which was slowly turned to a pale yellow 
solution within 12 h. The final product was [mdo-{CH2hC2B\\ll\i][Na2(THF)4] as 
colorless crystals. We wondered if the dark-brown solution contained the 
long-sought carborane radical anion with a 2n+3 skeletal electron count. After many 
attempts, the first boron cluster with a 2«+3 system 
[l,2-(CH2)3-l，2-C2BiiHii][Na(18-crown-6)(THF)2] ( I l l - l f was isolated and fully 
characterized. 
Treatment of l,2-(CH2)3-l,2-C2BiiHii ( I I - l / � w i t h 1 equiv of finely cut sodium 
metal in THF at room temperature gave, after recrystallization from a mixed 
THF/hexane solution of 18-crown-6 ether, 
[1 ,2-(CH2)3- 1 ,2-C2B 11 H 11 ][Na( 18-crown-6)(THF)2] ( I I M ) as brown crystals in 80% 
isolated yield (Scheme 3.1). In the same manner, treatment of 
l,2-(CH2)3-3-Ph-l,2-C2B,,H,, ( 1 1 - 2 ) , l，2-(CH2)4-l,2-C2BnH" (II-3), and 
l,2-(CH2)4-3-Ph-l,2-C2BiiHii (II-4) with 1 equiv of finely cut sodium metal in THF 
at room temperature gave, after recrystallization from a mixed THF/hexane solution 
of 18-crown-6 ether, [ 1,2-(CH2)3-3 -Ph-1,2-C2B,, H,, ] [Na( 18-crown-6)(THF)2] 
(111-2)， [ 1 ,2-(CH2)4- 1 a - C i B ,,H,,][Na(l 8-crown-6)(THF)2] (111-3), 
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[1,2-(CH2)4-3-Ph-1 a-CiB 11H11 ][Na( 18-crown-6)(THF)2] (III-4) all as brown crystals 
in 80%, 75% and 90% isolated yield, respectively (Scheme 3.1). They are all very 
air- and moisture-sensitive but remain stable for months at room temperature under 
an inert atmosphere. Traces of air immediately convert the intensively colored 
radicals anions to pale yellow powder. They are soluble in THF and ether, insoluble 
in aromatic solvents and hexane. 
Scheme 3.1. Preparation of 13-vertex Carborane Radical Anions III-l, III-2, III-3 
and in-4. 
l i i i g e i 
十 H F 
111 III-l 
十 H F 
'1-2 ni-2 
丄 ^ •不： 
_ 曜 
十 H F 
I1-3 II1-3 
r ^ i f ^ / f F 
P ^ l 賺 
十 H F 
II-4 III-4 
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Both THF solution and solid samples of I l l- l exhibited an EPR signal as 
expected for radical anion with g = 1.994 (line width = 23 G in solution and 5.5 G in 
solid state) at room temperature (Figure 3.1) and no NMR signals, which is similar to 
those observed in CBi iMei2 radical"^ ^ and Bi2Mei2'~ radical anion.48 All THF 
solution of 111-2，111-3，III-4 exhibited EPR signals as expected for radical anions 
with g (III-2) = 2.004 (line width = 16 G), g (III-3) = 2.004 (line width = 10G),g 
(III-4) = 2.004 (line width = 22 G) at room temperature (Figure 3.1) and no NMR 
signals, which is similar to those observed in III-l. 
111-1 (solid sample) 丨丨丨-I (in THF> 
/ \ g = 1.995 
9 = 1 . 9 9 4 / / Linewidth - 23 Gauss 
/ / Linewidth - 5.5 Gauss / / 
' r \ r 
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Figure 3.1 EPR spectra of III-l in solid state and THF solution and of 111-2，III-3 
and III-4 in THF solution. 
The UV-Vis spectra ofIII-1,111-2，111-3，III-4 and II-2 in THF are shown in 
Figure 3.2. III-l and III-3 in THF both displayed relatively intense absorption bands 
centered at 360 nm and 340 nm for the n a absorption of the radical electrons and 
220 nm for the a -> a* absorption of the cages, while III-2 and III-4 both displayed 
absorption bands centered at 360 nm and 340 nm for the n — g* absorption of the 
radical electrons and broad absorption bands centred at 225 nm for the absorption of 
the phenyl rings and cages. Compound III-3 showed another one absorption band 
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Figure 3.2. UV-Vis Spectra of 111-1’ 111-2，111-3，III-4 and II-2 
40 
3.2. Structures 
Single-crystal X-ray analyses revealed that III-l consists of well-separated, 
alternating layers of discrete radical anions [ 1,2-(CH2)3-1,2-C2B 1 1 H 1 1 a n d cations 
[Na(18-crown-6XTHF)2]+. As shown in Figure 3.3’ [l,2-(CH2)3-l,2-C2BiiHn].— 
bears two trapezoidal faces with the others being triangulated, giving one five- and 
one four-coordinate cage carbon atoms, respectively. This geometry is similar to that 
observed in 1,2-(CH2)3-3-Ph-l,2-C2B, iH,o (11-2),^°' but is significantly different 
from that of mWc>-[(CH2)3C2BnH,if in [(CH2)3C2BnHn][Na2(THF)4]他’63 
Although the average B-B/B-C distances of 1.80(1)/1.71(1) A are close to those 
found in II-2 and other 13-vertex carboranes, the C(1)---B(4)/B(3A) and 
C(1 ,A)...B(3)/B(2A) distances are much longer than the corresponding values 
observed in II-2. 
C3 
C2 ^ ^ ^ ^ 
B 纖 t 
B8 
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Figure 3.3. Molecular structure of [(CH2)3C2BiiHii]•一 in III-l, showing only one 
coiiformer. Selected bond lengths [A]: C l - C l ' A 1.45(1), C1-B2 1.49(1), C1-B3 
1.91(1), C1-B2A 1.98(1), CI…B4 2.52 (1), C1...B3A 2.53 (1)，C1，A-"B3 2.37 (1) 
C r A … B 2 A 2.17 (1), C1'A-B3A 1.49(1), C1'A-B4 1.67(1)，C1-C2 1.56(1), C2-C3 
1.52(1), C3-C2'A 1.47(1), C2,A-C1’A 1.51(1). 
The single-crystal X-ray structures of 111-3 and I1I-4 are shown in Figure 3.4 
and Figure 3.5. Selected bond distances for radical anions III-l, III-3 and III-4 are 
listed in Table 3.1. The average B-B/B-C distances of 13-vertex carboranes and their 
radical anions are very closo to each other (Table 3.2). The average B-B distances of 
1.832(19) A in III-3 and 1.806(10) A in III-4 are longer than the average B-B 
distance of 1.785(7) A in the neutal closo carborane II-4 which implies the 
expansion of the cage after adding electron. The average B-C distances of 1.693(13) 
人 in III-3 and 1.711(7) A in III-4 are shorter than the average B-C distance of 
1.735(8) A in the neutal closo carborane II-4. The Ccage-Ccage distances of radical 
anions are found to be longer than the corresponding values observed in the neutral 
closo 13-vertex carboranes. 
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C22 
Figure 3.4. Molecular structure of 
[1 ,2-(CH2)4- 1 ’2-C2B n H 11 ] [Na( 18-crown-6)(THF)2] (III-3). 
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3.3. Synthesis and Structure of a monoanionic salt 
[l,2-{^7-C6H4(CH2)(CH)}-l,2-C2BnHiillLi(THF)4l (IV-7) 
Treatment of l，2-o-C6H4(CH2)2-l’2-C2BiiHii (II-7) with 1 equiv of finely cut 
lithium metal in THF at room temperature gave, after recrystallization from THF, 
[l’2-{(;-C6H4(CH2)(CH)}-l,2-C2BiiHii][Li(THF)4] (IV-7) as yellow crystals in 90% 
isolated yield (Scheme 3.2). It is air- and moisture-sensitive but remains stable for 
months at room temperature under an inert atmosphere. It is soluble in THF and 
ether, insoluble in aromatic solvents and hexane. 
Scheme Preparation of [ 1,2-{o-C6H4(CH2)(CH)}-1,2-C2BnH,,][Li(THF)4] 
(IV-7) 
I � [ J ^ ^ " I � THF - I 
• I k 、 ： 
11-7 I V - 7 
The methylene protons may be very acidic due to the joint effect of the aromatic 
ring and the cage, which can react with lithium metal in THF to generate monoanion 




Figure 3.6 Molecular structure of [ 1,2-{o-C6H4(CH2)(CH)}-12-C2B,,H,,][Li(THF)4] 
(IV-7). 
The NMR spectrum of compound IV-7 has a singlet at S 6.04 ppm for the 
CH group and another singlet at S 3.47 ppm for the methylene group, while the 
compound has a singlet at S 4.35 ppm for the methylene groups, suggesting 
the elimination of H atom in compound IV-7. Similar comparison in the ^^ C NMR 
spectra also shows the deprotonation process of compound to form compound 
IV-7, as S 122.4 (CH), 46.41 (CH2) ppm in IV-7 and 5 50.81 (CH2) ppm in II-7•術 
The " B NMR spectra of IV-7 and II-7 display the same pattern of 1:5:5 with 
different chemical shifts, which suggests that the cage is not affected after the 
deprotonation. The NMR data indicate that IV-7 is not a radical rather a 
diameganetic species. 
The molecular structure of lV-7 has been confirmed and shown in Figure 3.6. 
For easy comparison, the selected bond distances and angels for II-7他 and IV-7 are 
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compiled in Table 3.3. No significant differences are observed in the B-B and C-B 
distances. However, Ccage-Ccage bond in IV-7 was somewhat elongated than that in 
11-7，and Ccage-Cbridge distances were signicantly shortened in IV-7, which might be 
the results of the delocalization of the negative charge over the ring of the bridge. 
The bond angels of C I — C l l — C 1 2 and C 2 — C 1 8 — C 1 7 in IV-7 are larger than 
those in II-7, indicating the trend for IV-7 to adopt a more planar geometry of C(11) 










































































































































































































































































































































The carborane radical anions with 2^ 7+3 framework electrons have been isolated 
and structurally characterized for the first time. They are intermediates between the 
two well-established and abundant 2n+2 (closo) and 2n+4 (nido) systems. This result 
may imply that larger cages would enhance the thermodynamical stability of clusters 
with 2/7+3 systems. The role of the linkage between the two cage carbons is not clear 
yet at this stage. 
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Chapter 4 Electrochemical Study of 12- and 13-Vertex 
cto56>-Carboranes 
4.1 Electrochemical Study of 12-Vertex Carboranes 
The cyclic voltammogram of 12-vertex carborane I-l shows one pair of 
reversible peaks and one possible irreversible reduction wave. The first pair could be 
ascribed to the one-electron process from I-l + e" -> 1-1.—. The second one may be 
corresponding to the one-electron process of I-l *— + e" ^ 
mV/0-[l,2-(CH2)3-l，2-C2BioHio]2-. It is noted that treatment of I-l with 1 equivalent 
of sodium or lithium in THF, gave only nido-[\,2-(CH2)3-1,2-C2BioH,o]^". No deep 
red solution was formed and no radical anion was observed. 
1-2, 1-3 and 1-4 have similar structures and It w o u l d be e a s y to explain w h y they 
have similar c v graphs as shown ill Figures 4.2，4.3 aiid 4.4. All tlicsc three have 
one reduct ion peak wi th £ = -1.77 V for 1-2, -1.72 V for 1-3 and -1.64 V for 1-4，and 
one oxidation peak with E = -0.78 V for 1-2，-0.88 V for 1-3 and -0.86 V for 1-4. 
However, these reduction and oxidation peaks do not seem to be pairs according to 
the peak intervals, and the reduction peaks may represent the closo to nido process 
while the oxidation peaks may stand for processes from radical anions to closo 
species. 
The CV graph of 1-6 as shown in Figure 4.5 has only one irreversible reduction 
peak for the process probably from closo to nido species with E = -1.87 V. The 
cyclic voltommogram of compound 1-7 (Figure 4.6) displays one pair of reversible 
peaks at low potential with Eia = -1.23 V refering to the radical anion formation, and 
another irreversible reduction peak at higher potential with E = -2.77 V represents 
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the formation of corresponding nido species. It is not clear why 1-6 and 1-7 have a 
different type of CV graphs while they have similar structures. 
The electrochemical process of 1-8 (Figure 4.7) exhibits one pair of reversible 
peaks with E\n = -0.98 V which might represent the process of radical anion 
formation. The radical anion might be stabilized by the butadiene bridge, and 
corresponding nido species would not be formed. 
The CV graph of 1-9 (Figure 4.8) is quite strange and difficult to explain. The 
cyclic voltammogram of I-IO as shown in Figure 4.9 has one irreversible reduction 
peak with £ = -1.92 V representing the formation of corresponding nido species. 
Generally speaking, 12-vertex carboranes are reduced stepwise with two 
one-electron processes .I t could be observed two sequensial reversible peaks for 
1 , 2 - ( C6H5C H2)2 - 1 , 2 - C 2 B i o H i o in cyclic voltammogram/^''' However, the 
corresponding radical anions for 12-vertex closo carboranes may not be stable, and 
they are converted to corresponding nido species immediately once formed, which 
may explain that only one reduction peak could be observed normally in cyclic 
voltammogram for 12-vertex closo carboranes. No 12-vertex carborane radical anion 
has ever been isolated yet.^ ^ '^^ '^  
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Figure 4.1. Cyclic voltammogram of I-l in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of I-l in MeCN/O.lM BU4NPF6 showed one reversible 
waves with Em = -1.30 V, and one possible irreversible reduction peak with E = 
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Figure 4.2. 
Figure 4.2. Cyclic voltammogram of 1-2 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-2 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E = -1.77 V, and one irreversible oxidation peak with E = -0.78 
V (vs ferrocene (Fc)). 
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Figure 4.3. Cyclic voltammogram of 1-3 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-3 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E = -1.72 V, and one irreversible oxidation peak with E = -0.88 
V ferrocene (Fc)). 
55 
- 1 0 0 mV/s / 
2 0 - / 
. , 、 J 
/ 、、、、、一乂z / 
10 - / / , - � \ \ z Z 
• / — 
1 / / 
/ / ^ • / / 
� y / A r ^ Y ^ 
° : z - - 一 ； ; 
、 、 一 , 1-4 
. I I I 1 1 
-900 -1800 -2700 
E/mV(\/sFc) 
Figure 4.4. 
Figure 4.4. Cyclic voltammogram of 1-4 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-4 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E = -1.64 V, and one irreversible oxidation peak with E = -0.86 
V {ys ferrocene (Fc)). 
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Figure 4.5. Cyclic voltammogram of 1-6 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-6 in MeCN/O.lM BU4NPF6 showed one irreversible 
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Figure 4.6. Cyclic voltamniogram of 1-7 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-7 in MeCN/O.lM BU4NPF6 showed one reversible 
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Figure 4.7, Cyclic voltammogram of 1-8 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-8 in MeCN/O.lM BU4NPF6 showed one reversible 
waves with Em = -0.98 V (v5 ferrocene (Fc)). 
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Figure 4.8, Cyclic voltammogram of 1-9 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 1-9 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E = -2.83 V {ys ferrocene (Fc)). 
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Figure 4.9. 
Figure 4.9. Cyclic voltammogram of I-IO in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of I-IO in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E = -1.92 V (v^ ferrocene (Fc)). 
4.2 Electrochemical Study of 13-Vertex Supercarboranes 
As shown in Figures 4.10, 4.17 and 4.18, the cyclic voltammograms of 
compounds II-l , II-8 and II-9 are similar to each other displaying one reversible pair 
of peaks and one quasi-reversible pair of waves. The first pair is the one electron 
process from the neutral compound to the corresponding radical anion with Em = 
-1.28 V for II-l , -1.23V for 11-8，and -0.90 V for II-9, and the second pair is from 
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the radical anion to the corresponding nido species with Em = -1.85 V for II-l, 
-1.94V for II-8, and-1.72 V for 11-9’ respectively. 
Figures 4.11, 4.13 and 4.20 show the cyclic voltammograms of compounds 11-2, 
II-4 and 11-11. They are similar, exhibiting one irreversible peak for the one electron 
process from the neutral molecule to the corresponding radical anion, and one pair of 
quasi-reversible peaks for another one electron process from the radical anion to the 
correspongding nido species. The first process is irreversible, which might be 
ascribed to the phenyl group on the cage that may have the capability to store or 
influence the electrons. 
The CV graphs of II-3 and II-7 are quite similar as shown in Figures 4.12 and 
4.16，but they may undergo different electrochemical processes. When 1 equivalent 
of sodium metal and 1 equivalent of 18-crown-6 ether were added to II-3 in THF, a 
deep red solution was generated, from with the radical anion III-3 was isolated. On 
the other hand, if 1 equivalent of sodium or lithium metal was added to II-7 in the 
same manner, a bright yellow solution was produced, from which a monoanionic salt 
IV-7 was obtained. For 11-7，the first process is the deprotonation, and the second 
process is probably the reduction to form 
mWo-[l,2-{o-C6H4(CH2)2}-l,2-C2BiiHii]2-40a For II-3, the first process refers to the 
radical anion formation, and the second one represents the formation of 
corresponding nido species. It is not clear why II-1 and II-3 have a different type of 
CV graphs. 
The cyclic voltammograms of compounds II-5 and II-6 are similar to each other 
(Figures 4.14 and 4.15). The first irrevasible peak and the seconde quasi-reversible 
waves may stand for the similar electrochemical processes to those observed in 11-2， 
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11-4 and 11-11. The 3rd pair of quasi-reversible peaks might be attributable to the 
electrochemical reaction of the double bond of the bridges. 
The 13-vertex carborane 11-10 shows a unique cyclic voltammogram (Figure 
4.19). It is noted that 11-10 is a CAp supercarborane and the electrochemical process 
may be coupled with the rearrangement of the cage atoms, which results in the 
irrevisible process. 
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Figure 4,10. Cyclic voltammogram ofII-1 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of l l - l in MeCN/O.lM BU4NPF6 showed one reversible 
waves with E\/2(0/-l) = -1.28 V for the one-electron process II-l + e" -> II-l.—’ and 
one quasi-reversible peaks with E\/2(-l/-2) = -1.85 V {vs ferrocene (Fc)) for another 
one-electron process II-l•— + e" ^ [(CH^bCaBiiHii]?.. 
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Figure 4.11. Cyclic voltammogram of II-2 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-2 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction peak with E(0/-1) = -1.34 V for the one-electron process II-2 + e"-> 
II-2.—, and one quasi-reversible peaks with Em(-l/-2) = -1.76 V {vs ferrocene (Fc)) 
for another one-electron process II-2 ~ + e" ^ [ 1,2-(CH2)3-3-Ph-1 ^-CjB 11H, 1 
64 
100 mV/s — 
30 - r \ , 
/ \ J 
j z... 一‘ 
2 � - r x / , Z 1 - I / 
� I / 
� 1 0 - / / r ^ 
• J / m 
0 - 一 . - - 乂 11-3 _  -• 
I I I 1 1 1 
-800 -1600 -2400 
E / m V {vs Fc) 
Figure 4.12. 
Figure 4.12. Cyclic voltammogram ofII-3 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of 11-3 in MeCN/O.lM BIUNPFG showed one irreversible 
reduction peak with E(0/-1) = -1.27 V for the one-electron process II-3 + e ' — 
11-3•—, and one irreversible reduction peak with E(-l/-2) = -1.83 V (v5 ferrocene 
(Fc)) for another one-electron process II-3.— + e' -> [(CH2)4C2BiiHii]^'. 
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Figure 4.13. Cyclic voltammogram of 11-4 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-4 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction peak with E(0/-1) = -1.24 V for the one-electron process II-4 + e" 
II-4.—，and one quasi-reversible peaks with E\/2(-l/-2) = -1.66 V (v^ ferrocene (Fc)) 
for another one-electron process II-4.— + e" -> [ 1,2-(CH2)4-3-Ph-C2B 11H11]^ ". 
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Figure 4,14. Cyclic voltammogram ofII-5 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-5 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E(0/-1) = -1.25 V for the one electron process II-5 + e ' - > 
II-5•—, one quasi-reversible peaks with E\/2(-l/-2) = -1.83 V for the one electron 
process II-5.— + e" [1,2-(CH2CH=CHCH2)-l ,2-C2Bi iH, i]^ " and one 
quasi-reversibel waves with Em = -2.47 V (w ferrocene (Fc)) which may be 
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Figure 4.15. Cyclic voltammogram of II-6 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-6 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E(0/-1) = -1.29 V for the one electron process II-6 + e" ^ 
II-6•—，one quasi-reversible peaks with E\i2(-l/-2) = -1.69 V for the one electron 
process II-6.— + e' — [ 1,2-(CH2CH=CHCH2)-3-Ph-1,2-C2B, 1 H n a n d one 
quasi-reversible waves with E\/2 = -2.73 V (v5 ferrocene (Fc)) which may be 
corresponding to the reaction of double bond. 
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Figure 4.16. Cyclic voltammogram of II-7 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-7 in MeCN/O.lM BU4NPF6 showed one irreversible 
reduction wave with E (0/-I) = -1.05 V for the one-electron process II-7 + e•“> 
[l,2-{o-C6H4(CH2)(CH)}-l,2-C2BiiHn]', and one irreversible reduction peak with E 
= -1.70 V (v5 ferrocene (Fc)) for the two-electron process 
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Figure 4.17. Cyclic voltammogram ofII-8 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-8 in MeCN/O.lM BU4NPF6 showed one reversible 
waves with Em(0/-1) = -1.23 V for the one-electron process II-8 + e" ^ II-8•一，and 
one quasi-reversible peaks with Em(-1/-V = -1-94 V (vs ferrocene (Fc)) for another 
one-electron process II-8.— + e" [ 1,2-Me2Si(CH2)2-1,2-C2B 11H11 
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Figure 4.18. Cyclic voltammogram of II-9 in MeCN/O.lM BU4NPF6 recorded at 100 
mV/s. Cyclic voltammetry of II-9 in MeCN/O.lM BU4NPF6 showed one reversible 
waves with Em(0/-1) = -0.90 V for the one-electron process II-9 + e" 11-9.—, and 
one quasi-reversible peaks with E\/2(-l/-2) = -1.72 V {vs ferrocene (Fc)) for another 
one-electron process 11-9.— + e' -> [(CH3)2C2BiiHii]^". 
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Figure 4.19. Cyclic voltammogram of 11-10 in MeCN/O.lM BU4NPF6 recorded at 
100 mV/s. Cyclic voltammetry of 11-10 in MeCN/O.lM BU4NPF6 showed one 
reversible waves with Em(0/-1) = - 1.12 V for the one-electron process 11-10 + e 
11-10.—, and one irreversible reduction peak with E 二 -1.67 V {ys ferrocene (Fc)) for 
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Figure 4.20. Cyclic voltammogram of 11-11 in MeCN/O.lM BU4NPF6 recorded at 
100 mV/s. Cyclic voltammetry of 11-11 in MeCN/O.lM BU4NPF6 showed one 
irreversible reduction wave with E(0/-1) = -1.25 V for the one-electron process 11-11 
+ e' -> 11-11 •一, and one quasi-reversible peaks with Em(-l/-2) = -1.67 V (vs 
ferrocene (Fc)) for another one-electron process 11-11•一 + e' — 
[1,2-Me2-3-Ph-1 ,2-C2B n H 1 o f . 
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4.3. Summary 
13-vertex carboranes normally show two stepwise one electron processes, 
corresponding to C/050-R2C2B11H11 + e' — C/050-R2C2B11H11 •— and 
'y 
c/oyoRzCzBiiHii•— + e_ — mWo-R2C2BiiHn respectively. On the other hand, 
12-vertex carboranes, often display a 2e" process. Some results are not fully 
understood yet, which needs to be further investigated. 
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Chapter 5. Conclusion 
In this thesis, we described our efforts on developing the chemistry of carboranes 
in following aspects: (1) exploration on the chemistry of supercarboranes, (2) 
development of the chemistry of 13-vertex carborane radical anions with 2«+3 
framework electrons, and (3) electrochemical study of carboranes. 
From the capitation reaction of 12-vertex CAd mWo-carborane dianions with 
dihaloboranes, we learn that the chain length of the linkages has a significant effect 
on the formation of carborane anions and the subsequent capitation reactions. 
Reduction of tri- or tetramethylene-linked carboranes affords CAd carborane 
dianions, which can function as good starting materials for the preparation of 
supercarboranes. The capitation reactions of 12-vertex CAd nido carboranes with 
various RBX2 reagents give a class of 13-vertex carboranes. Single-crystal X-ray 
analyses reveal that these 13-vertex species adopt a henicosahedral geometry. 
Reaction of 13-vertex carboranes with 1 equiv of Na in THF generates the 
13-vertex carborane radical anions with 2/7+3 framework electrons. They have very 
similar molecular structure to their parent 13-vertex carboranes with slightly longer 
bond distances. It is an intermediate between the two well-established and abundant 
2n+2 {closo) and 2/7+4 {nido) systems, which may imply that larger cages would 
enhance the thermodynamical stability of clusters with 2^+3 systems. 
The electrochemical process of 13-vertex supercarboranes, shows normally two 
stepwise one electron processes, C/050-R2C2B11H11 + e" — c/050-R2C2BiiHii'~ and 
c/ayo-R2C2BiiHii•一 + e" — mWo-R2C2BiiHii^'. On the other hand, 12-vertex 
carboranes, usually exhibit a two electron process C/050-R2C2B10H10 + 2 e ' - > 
75 
mdo-R2C2BioHio^', indicating that the 12-vertex carborane radical anions 
R 2 C 2 B i o H i o ' ~ are not stable under such reaction conditions. 
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Chapter 6. Experimental Section 
General Procedures. All experiments were performed under an atmosphere of 
dry dinitrogen with the rigid exclusion of air and moisture using standard Schlenk or 
cannula techniques, or in a glovebox. All organic solvents (except CH2CI2) were 
refluxed over sodium benzophenone ketyl for several days and freshly distilled prior 
to use. CH2CI2 was refluxed over CaHi for several days and distilled immediately 
prior to use. All chemicals were purchased from either Aldrich or Acros Chemical 
Co. and used as received unless otherwise noted. 1,2-(CH2)3-1,2-C2B 1 qH 10 (I-l),^^ 
1，2-(CH2CH 二 CHCH2)-1,2-C2BIOHIO (1-3),'^ l ,2-(CH2)4-l ,2-C2B,oH,o (1-2),39 
l,2-Me2Si(CH2)2-l’2-C2BioHio ( I - S f were prepared according to literature methods. 
Infrared spectra were obtained from KBr pellets prepared in the glovebox on a 
Perkin-Elmer 1600 Fourier transform spectrometer. UV-Visible absorption spectra 
were recorded on a Varian Gary5G UV-Vis-NIR spectrophotometer (in the range of 
200-800 nm) using 1 cm quartz cells under N2. Cyclic voltammetric measurements 
were carried out at 25 V under N2 using a BAS CV-50W voltammetric analyzer. 
EPR spectra were recorded on a Bruker EMX-10/12 spectrometer at 25 °C. The 'H 
and '^ C NMR spectra were recorded on a Bruker DPX 300 spectrometer at 300.1 
and 75.5 MHz, respectively. The NMR spectra were recorded on a Varian Inova 
400 spectrometer at 128.3 MHz. All chemical shifts were reported in S units with 
references to the residual protons of the deuterated solvents for proton chemical 
shifts, to the carbons of the deuterated solvents for carbon chemical shifts, and to 
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external BFs.OEt�（0.00 ppm) for boron chemical shifts. Mass spectra were recorded 
on Thermo Finnigan MAT 95 XL spectrometry. Elemental analyses were performed 
by MEDAC Ltd., Brunei University, Middlesex, U.K. or Shanghai Institute of 
Organic Chemistry, CAS, China. 
Preparation of l,2-[o-C6H4(CH2)2l-l,2-C2BioHio (1-4). This compound was 
prepared using a modified literature method?，To a solution of 0-C2B10H12 (7.20 g, 
50.0 mmol) in a dry tolueiie/EtzO (2:1, 50 mL) was added a 1.60 M solution of 
Bu"Li in A7-hexane (62.5 mL, 100.0 mmol) dropwise with stirring at 0°C. The 
mixture was allowed to warm to room temperature and stirred for 30 min. The 
solution was then cooled to 0°C, and a solution of o-C6H4(CH2Br)2 (13.2 g, 50.0 
mmol) in toluene/EtaO (2:1，30 mL) was slowly added with stirring. The reaction 
mixture was re fluxed overnight and then quenched with 50 mL of water. The 
organic layer was separated, and the aqueous layer was extracted with E t � � ( 5 0 mL 
X 3). The combined organic portions were dried over anhydrous NazSOq. Removal 
of the solvents gave a white solid that was washed with ”-hexane (15 mL x 3) and 
dried under vacuum to afford 1-4 as a white powder (11.7 g, 95%). NMR 
(CDCI3): 812% (m，2H, aryl H), 7.12 (111, 2H, aryl H), 3.75 (s, 4H, CeU^iCHj)!). 
"B{ 'H} NMR (CDCI3)： (J-5.40 (2B), -9.61 (8B). 
Preparation of 3-methyl-5-phenyl-l,2-carboracyclopentan-3-ol. This 
compound was prepared according to a literature method.，？ To a THF solution (20.0 
mL) of 0-C2B10H12 (1.44 g, 10.0 mmol) and 4-phenylbut-3-en-2-one (1.46 g, 10.0 
mmol) was added "BU4NF (1.0 M in THF, 30.0 mL) under N2 atmosphere, and the 
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mixture was stirred at room temperature for 10 min. The reaction was quenched by a 
saturated aqueous NH4CI, and the mixture was extracted with ether, washed with 
saturated aqueous NaCl, dried over anhydrous MgS04, and then concentrated. 
Purification by silica gel column chromatography (hexane:ethyl acetate = 4:1) gave 
the annulated product as a white solid in 72% yield (2.08 g, 7.2 mmol). 'H NMR 
(CDCI3) anti isomer: S12A-1A\ (m, 5H, CeHs), 4.21 (dd, J = 10.5, 8.0 Hz, IH, 
PhC//), 2.75 (dd, 14.0, 10.5 Hz, IH, CHj), 2.67 (dd, 14.0, 8.0 Hz, IH, C//2), 
2.13 (s, IH, OH), 1.69 (s, 3H, CH3), syn isomer: ^57.24-7.41 (m, 5H, CeHs), 4.04 (t, ‘ 
J = 8.0 Hz, IH, PhC//), 2.77 (m, 2H, C//2), 2.17 (s, IH, OH), 1.74 (s, 3H, C//3). 
"B{ 'H} NMR (CDCI3): 5-4.89 (IB), -6.34 (3B),-10.1 (3B),-13.2 (2B), -14.2 (IB). 
Preparation of 3-methyI-l,2-carboracyclopentan-3-ol. This compound was 
prepared according to a literature method/''^  To a THF solution (20 mL) of 
0-C2B10H12 (1.44 g, 10.0 mmol) and but-3-en-2-one (0.70 g, 10.0 mmol) was added 
"BU4NF (1.0 M in THF, 30.0 mL) under N2 atmosphere, and the mixture was stirred 
at room temperature for 10 min. The reaction was quenched by a saturated aqueous 
NH4CI, and the mixture was extracted with ether, washed with saturated aqueous 
NaCl, dried over anhydrous MgS04, and then concentrated. Purification by silica gel 
column chromatography (hexane:ethyl acetate = 4:1) gave the annulated product as 
a white solid in 54% yield (1.16 g, 5.4 mmol). 'H NMR (CDCI3)： <^2.33-2.63 (m, 
4H, C//2C//2), 2.08 (s, IH, OH), 1.62 (s, 3H, C//3). 
Preparation of l,2-[l-CH3-(C=CHCH2)]-l,2-C2BioH,o (1-6). Compounds 
3-methyl-l,2-carboracyclopentan-3-ol (0.64 g, 3.0 mmol) and； -^TsOH (0.52 g, 3.0 
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mmol) were mixed in a glass tube. The tube was sealed and heated at 180 "C for 6 
hours. The resulting black residue was dissolved in diethyl ether (15 mL). The 
solution was washed with water (20.0 mL), saturated NaHCOs aqueous solution 
(20.0 mL) and brine (20.0 mL), and then dried over anhydrous Na2S04. Removal of 
the solvent afforded a pale brown solid. Column chromatographic separation (silicon 
gel, 230 - 400 mesh) using hexane as elute afforded 1-6 as a white solid (0.25 g, 
42%). Mp. 48 - 49°C. 'H NMR (CDCI3)： (d, ./= 2.1 Hz, IH, CH=C), 3.05 (t, 
J=2.l Hz, 2H, CH2), 1.88 (m, 3H, C//3). NMR (CDCI3): S 140.4, 132.5 
(CH=Q, 87.51, 77.97 (cage Q , 41.87 (CH2), 14.24 (CH3). NMR (CDCI3): 
5-6.81 (s, 3B, 5H), -7.72 (s, IB, 5H), -10.38 (s, 2B, 5H), -11.54 (s, 2B, 5H), -14.84 
(s’ 2B, BH). IR (KBr, cm-'): M3H 2575 (vs). HRMS: m/z calcd for CeHigBio'': 
196.2250. Found: 196.2245. 
Preparation of l，2-[l-CH3-3-Ph-(C=CHCH)l-l，2-C2BioHio (1-7). Compounds 
3-methy 1-5-phenyl-1,2-carboracyclopentan-3-ol (0.87 g, 3.0 mmol) and />-TsOH 
(0.52 g, 3.0 mmol) were mixed in a glass tube. The tube was sealed and heated at 
180 "C for 6 hours. The resulting black residue was dissolved in diethyl ether (15.0 
mL). The solution was washed with water (20.0 mL), saturated NaHCOa aqueous 
solution (20.0 mL) and brine (20.0 mL), and then dried over anhydrous NasSO*. 
Removal of the solvent afforded a pale brown solid. Column chromatographic 
separation (silicon gel, 230 - 400 mesh) using hexane as elute afforded 1-7 as a 
white solid (0.66 g, 81%). Recrystallization from /7-hexane gave X-ray-quality 
crystals of 1-7. Mp. 119 - 120�C. 'H NMR (CDCI3)： S7.35 (m, 3H, CeHs), 7.13 (m, 
80 
2H, CeHs), 5.74 (m, IH, CH=Q, 4.58 (t, 7 = 2.1 Hz, IH, PhC//), 1.98 (t ,J=2.1 Hz, 
3H, CH3). NMR (CDCI3)：们40.9’ 128.9, 128.6, 128.5 (Cells), 135.9, 135.3 
(CH=C), 87.03, 82.14 (cage Q , 56.87 (PhCH), 14.45 (CH3). "B{'H} NMR 
(CDCI3): 5-5.99 (s, 2B, BH), -7.43 (s, IB, 5H), -9.57 (s, 2B, BU), -10.51 (s, IB, 
5H),-11.71 (s, 2B, 5H),-14.42 (s, IB, BH),-15.26 (s, IB, 5H). IR (KBr, cm-'): V^ H 
2584 (vs). HRMS: m/z calcd for Ci2H2oBio+: 272.2563. Found: 272.2568. 
Preparation of l,2-{l',4'-[EtC=C(Et)-C(Et)=CEt]}-l,2-C2BioH,o (1-8). This 
c o 
compound was prepared according to a literature method. A 1.6 M solution of 
«-BuLi in ^-hexane (14.0 mL, 22.4 mmol) was slowly added to a stirring solution of 
0-C2B10H12 (1.44 g, 10.0 mmol) in THF (30 mL) at 0 � C , and the mixture was stirred 
at room temperature for 1 h. The resulting Li2C2BioHio suspension was then cooled 
to 0°C, to which was added (PPhshNiCb (6.54 g, 10.0 mmol). The reaction mixture 
was then stirred for 0.5 h at room temperature, giving (;7^-C2BioHio)Ni(PPh3)2. 
Alkyne EtC=CEt (30.0 mmol) was added and the reaction vessel was sealed and 
heated at 90°C for 4 d. The reaction mixture was then cooled to room temperature 
and quenched with aqueous NaHCOs solution. After extraction with Et20 (50 mL x 
2), the combined organic portions were dried over anhydrous Na2S04. After removal 
of the solvent, the resulting solid was subjected to column chromatographic 
separation (Si02, 300 - 400 mesh) using hexane as elueiit to give 1-8 as a white solid. 
Yield: 2.05 g, 67%, nip. 141 - 142 °C. 'H NMR (CDCI3): ^ 2^.42 (q, J = 7 . 5 Hz, 4H, 
C//2), 2.01 (q, J = 7 . 5 Hz, 4H, CH2), 1.02 (t, J = 7 . 5 Hz, 6H, C//3), 0.78 (t, J = 7 . 5 
Hz, 6H, C//3). '^C{'H} NMR (CDCI3)： 135.1’ 134.0 (C=C), 76.26 (cage Q , 26.31, 
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21.95 (CH2CH3), 14.99’ 14.77 (CH2CH3). NMR (CDCI3): (J -7.29 (2B)， 
-10.2 (6B),-13.1 (2B). 
Preparation of l，2-[l，8-CioH6(CH2)2]-l，2-C2BioHio (1-9). This compound was 
prepared according to a literature method.���This compound was prepared as a 
white solid from the reaction of 0-C2B10H12 (7.20 g, 50.0 mmol) with 1.60 M 
solution of Bu"Li in «-hexane (62.5 mL, 100.0 mmol), followed by addition of 
1,8-CioH6(CH2C1)2 (11.3 g, 50.0 mmol) in toluene/EtsO (2:1, 60 mL) using 
procedures similar to those used in the synthesis of 1-4: yield 11.1 g (75%). ' h NMR 
(CDCI3): 57.80 (m, 2H, aryl H), 7.36 (m, 2H, aryl H), 7.22 (m, 2H, aryl N)，4.12 (s， 
4H, ArC//2). "B{ 'H} NMR (CDCI3)： 5-7.71 (3B)，-13.81 (5B), -16.48 (2B). 
Preparation of l,2-(l-methyI-2,5-cyclohexadiene-l,4-diyl)-l,2-C2BioHio 
(I-IO). To a toluene solution (30 mL) of l,2-C2BioHi2 (1.44 g, 10.0 mmol) was 
slowly added Bu"U (12.5 mL/1.6 M in hexane, 20.0 mmol) under N2 atmosphere at 
0 °C and the mixture was allowed to stir at room temperature for 2 hours. I2 (2.54 g, 
10.0 mmol) was then added, and the resulting mixture was stirred at room 
temperature for another 2 hours, before refluxing overnight under N2 atmosphere. 
The reaction was quenched by water and extracted by diethyl ether (50 mL x 3). 
Removal of solvents gave a solid. Chromatographic separation (SiO:’ 300 ~ 400 
mesh, /7-hexane as eluent) afforded I-10 as a white solid (1.45 g, 62%). 'H NMR 
(CDCI3): S 6.67 (m, 2H，CH=CH), 6.22 (m, IH, C/Z^CCHs), 4.03 (m, IH, 
C//CCH3), 3.78 (m, IH, CH), 1.87 (d，J 二 1.8 Hz, 3H, C//3). NMR 
(CDCI3): 150.6, 141.7, 140.1, 135.8 (olefinic carbon), 50.01, 44.56 (alkyl carbon), 
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19.96 (CHs), the cage carbons were not observed. " B NMR (CDCI3): S-2.06 (d, JBH 
= 1 3 4 Hz, 3B, 5H), -2.81 (d, Jbh = 107 Hz, IB, BU\ -12.45 (d, JBH = 154 Hz, 6B, 
5H). IR (KBr, cm.i): v^ h 2591 (vs). HRMS: tn/z calcd for C9H18B10+: 234.2406. 
Found: 234.2409. 
Preparation of l’2-(CH2)3-l，2-C2BnHii (II-l). This compound was prepared 
according to a literature m e t h o d . T o a THF (30 mL) solution of 
1’2-(CH2)3-1,2-C2BioHio (I-l; 1.84 g, 10.0 mmol) was added finely cut Na metal 
(0.50 g, 21.7 mmol) and a catalytic amount of naphthalene (0.10 g, 0.78 mmol), and 
the mixture was stirred at room temperature for four days, giving a deep green 
solution. Removal of THF afforded a brown solid, presumably 
[mWo-(CH2)3C2BioHio][Na2(THF)x]. Toluene (30 mL) was then added, giving a 
yellow suspension. HBBr2.SMe2 (20.0 mL of 1.0 M in dichloromethane, 20.0 mmol) 
was slowly added to the suspension at -78°C, the mixture was stirred at this 
temperature for 1 h, and then at room temperature for 6 h. Chromatographic 
separation (SiOi, 300 ~ 400 mesh, ^-hexane as eluent) afforded 1-1 (0.06 g, 3%) and 
II-l (0.73 g, 37%) both as a white solid. Mp. 60 - 61°C. H^ NMR (CDCI3): ^ 3^.26 (t, 
J= 7.5 Hz, 4H, C//2CH2C//2), 2.18 (m, 2H, CH2C//2CH2). NMR (CDCI3): 
J 49.11 (CH2CH2CH2)’ 25.55 (CH2CH2CH2)，the cage carbons were not observed. 
" B NMR (CDCI3)： ^3.52 (d，JBH 二 186 Hz, IB,召H), 0.96 (d, JBH = 186 Hz, 5B, 
5H)，-1.19 (d, JBH = 186 Hz, 5B, BH). 
Preparation of l’2-(CH2)3-3-Ph-l，2_C2B"Hio (II-2). This compound was 
prepared according to a literature method.^ ^^ Following the procedures described for 
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II-l, PhBCb (2.60 mL, 20.0 mmol) was reacted with a suspension of 
[ « / W o - ( C H 2 ) 3 C 2 B 1 o H 1 o][Na2(THF)x] (10.0 mmol) in toluene (30 mL). Compounds 
I - l (0.12 g, 6%) and II-2 (0.54 g, 20%) were obtained as a white solid. Mp. 97 -
98�C. 'H NMR (CDCI3)： ^n.42 (d, 6.9 Hz, 2H, CeHs), 7.32 (m, 3H, CeHs), 3.05 
(t, J = 7.2 Hz, 4H, C / /2CH2C//2), 1.84 (m, 2H, CH2C//2CH2). N M R 
(CDCI3): S 134.1, 129.6, 128.1 (Cells), 47.56 (CH2CH2CH2), 25.57 (CH2CH2CH2), 
the CB and cage carbons were not observed. " B NMR (CDCI3): ^3.31 (s, IB, 5Ph), 
1.18 (d, JBH = 186 Hz, IB, i5H), -2.32 (d, JBH = 146 Hz, 3B, 5H), -3.30 (d，JBH = 128 
Hz, 2B, 5H), -7.06 (d, JBH = 166 Hz, 4B，5H). 
Prepa ra t i on o f 1,2-(CH2)4-l ,2-C2Bi 1 H i 1 ( I I -3) . Fo l lowing the procedures 
described for 11-1，HBBr2.SMe2 (20.0 mL of 1.0 M in dichloromethane, 20.0 mmol) 
was added to a suspension of [mW0-(CH2)4C2BioHio][Na2(THF)x] (10.0 mmol) in 
toluene (30 mL). Compound II-3 (0.37 g, 17.5%) was obtained as a white solid. Mp. 
62 - 63。C. ' H N M R (CDCI3)： 53.05 (t, J = 6.6 Hz, 4H, C//2CH2CH2C//2), 1.78 (m, 
4H, CH2C//2C//2CH2). NMR (CDCI3)： 5 44.58 (CH2CH2CH2CH2), 20.89 
(CH2CH2CH2CH2), the cage carbons were not observed. " B NMR (CDCI3): S4.5S 
(d, JBH = 148 Hz, IB, BH), 0.89 (d, Jbh = 163 Hz, 5B, BH), -0.54 (d, JBH = 180 Hz, 
5B, 5H). IR (KBr, cm''): HBH 2568 (vs). HRMS: m/z calcd for CfiHigB,,^: 209.2499. 
Found: 209.2499. 
Preparation of l,2-(CH2)4-3-Ph-l,2-C2B"Hio (11-4). Following the procedures 
described for II-l, PhBCb (2.60 niL, 20.0 mmol) was reacted with a suspension of 
[^ ?/t/o-(CH2)4C2B 1 oH 10] [Na2(THF)x] (10.0 mmol) in toluene (30 mL). Compound 
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11-4 (0.88 g, 31 %) was obtained as a white solid. X-ray-quality crystals of II-4 were 
grown from a saturated «-hexane solution at room temperature. Mp. 126 - 128°C. 
NMR (CDCI3): 5 7.38 (m，5H, CeHsX 3.04 (t, J = 6.6 Hz, 4H, C//2CH2CH2C//2), 
1.49 (m, 4H, CH2C//2C//2CH2). i3C{1H} NMR (CDCI3): 148.3, 135.2, 130.8， 
129.2 (C6H5), 44.09 (CH2CH2CH2CH2), 20.82 (CH2CH2CH2CH2), the cage carbons 
were not observed. " B NMR (CDCI3)： S I . ( s , IB, B?h), 5.96 (d, JBH = 207 Hz, 
IB, 5H), 4.36 (d, JBH = 165 Hz, 2B, BH), 1.94 (d, JBH = 165 Hz, 2B, 5H), 0.52 (d, 
JBH = 175 Hz, 2B, 5H),-1.07 (d, JBH = 206 Hz, 2B, 5H), -4.36 (d, JBH = 148 Hz, IB, 
5H). IR (KBr, cm-'): I^ H 2566 (vs). HRMS: m/z calcd for C12H23B11+: 284.2734. 
Found: 284.2734. 
Preparation of 1,2-(CH2CH=CHCH2)-l,2-C2B 1,H,, (II-5). Following the 
procedures described for 11-1’ HBBri.SMe? (20.0 mL of 1.0 M in dichloromethane, 
20.0 mmol) was added to a suspension of 
[m•办-(CH2CH二CHCH2)C2BioHio][Na2(THF)x] (10.0 mmol) in toluene (30 mL). 
Compound II-5 (0.19 g, 9%) was obtained as a white solid. Mp. 67 - 69�C. NMR 
(CDCI3): ^ 3.57 (d, J =2.1 Hz, 4H, C//2CH=CHC//2), 6.01 (t, J = 2.1 Hz, 2H, 
CH2C//=C//CH2). '-'C{'H} NMR (CDCI3): 45.41 (CH2CHCHCH2)，123.47 
(CH2CH=CHCH2), 138.81 (cage Q . " B NMR (CDCI3)： 54.65 (d, JBH = 146 Hz, 
IB, BU), 0.96 (d, Jbh = 160 Hz, 5B, BH), -0.48 (d, JBH = 180 Hz, 5B, 5H). IR (KBr, 
cm"'): HBH 2568 (vs). HRMS: m/z calcd for CgHiyBi,'": 206.2265. Found: 206.2269. 
Preparation of l，2-(CH2CH=CHCH2)-3-Ph-l,2-C2B"Hi« (II-6). Following 
the procedures described for 11-1，PhBCb (2.60 mL, 20.0 mmol) was reacted with a 
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suspension of [/7/^/(;-(CH2CH=CHCH2)C2BioHio][Na2(THF)x] (10.0 mmol) in 
toluene (30 mL). Compound II-6 (0.17 g, 6%) was obtained as a white solid. 
X-ray-quality crystals of II-6 were grown from a saturated «-hexane solution at 
room temperature. Mp. 135 - 136�C. 'H NMR (CDCI3): Sl.yS (m, 5H, C6//5), 5.75 
(t, J = 2.1 Hz, 2H, CH2C//=C//CH2), 3.59 (d, J 二 2.1 Hz, 4H, C//2CH二CHC//2). 
NMR (CDCI3)： d 144.4, 135.6, 130.8, 129.3 (CeHs), 45.36 
(CH2CH=CHCH2), 124.02 (CH2CH=CHCH2), the cage carbons were not observed. 
" B NMR (CDCI3): S729 (s, IB, 5Ph), 6.05 (d, JBH = 157 Hz, IB, 5H), 3.95 (d, JBH 
= 1 5 9 Hz, 2B, BH)，1.63 (d, JBH = 133 Hz, 2B, BH), 0.74 (d, JBH = 134 Hz, 2B, BH), 
-1.32 (d, Jbh = 171 Hz, 2B, BH), -3.95 (d, Jbh = 143 Hz, IB, BH). IR (KBr, cmfi): 
2560 (vs). HRMS: mJz calcd for C12H21B11+: 282.2578. Found: 282.2576. 
Preparation of l,2-[o-C6H4(CH2)2l-l,2-C2BiiH„ (II-7). This compound was 
prepared according to a literature method 他 Following the procedures described for 
II-l . HBBr2-SMe2 (25.0 mL of 1.0 M in dichloromethane, 25.0 mmol) was reacted 
with [mWo-{l，2-C6H4(CH2)2-l,2-C2BioHio}][Na2(THF)x] (5.0 mmol) in toluene (30 
mL). 1-4 (0.21 g, 8%) and II-7 (0.42 g, 17%) were obtained both as a white solid. 
Mp. 106 - 108�C. 'H NMR (CDCI3)： dlSi (m, 2H, 7.45 (m, 2H, Cfji^), 4.35 
(s, 4H, CHi).丨3C{1H} NMR (CDCI3)： 5 130.8, 128.5，126.6 (。恥 50.81 (CH.), 
the cage carbons were not observed. " B NMR (CDCI3)： (5 4.98 (d, JBH = 128 Hz, 
IB, BUI 2.11 (d, Jbh = 128 Hz, 5B, BH), -0.10 (d, JBH 二 146 Hz, 5B, BH). 
Preparation of l’2-Me2Si(CH2)2-l’2-C2BiiHu (II-8). This compound was 
prepared according to a literature method.44 To a THF (30 mL) solution of 
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l’2-Me2Si(CH2)2-l,2-C2BioHio (1-5) (2.28 g, 10.0 mmol) was added finely cut Na 
metal (1.00 g, 43.5 mmol), and the mixture was stirred at room temperature for 3 
days. After removal of excess Na metal and THF, toluene (20 mL) was then added. 
HBBr2.SMe2 (20.0 mL of 1.0 M in CH2CI2, 20.0 mmol) was slowly added to the 
above suspension at -78 "C, and the mixture was stirred at this temperature for 1 h 
and at room temperature overnight. The precipitate was filtered off and washed with 
^-hexane (3 x 30 mL). The combined organic solutions were concentrated to yield 
II-8 as a white solid (0.937 g, 39%). 'H NMR (300 MHz, CDCI3): 5^ 2.55 (s, 4H, 
C//2), 0.31 (s, 6H, C//3). i3C{1H} NMR (100 MHz, CDCI3): 8 144.3 (cage Q , 40.5 
(CH2), -3.1 (CH3). " B NMR (128 MHz, CDCI3)： ^4.5 (JB-H = 150 Hz, IB), 0.6 (JB-H 
=148 Hz, lOB). 
Preparation of l,2-Me2-l,2-C2B,iHn (II-9) and l,6-Me2-l,6-C2BnHii (11-10). 
These compounds were prepared accoding to a literature method. Compound II-8 
(0.72 g, 3.0 mmol) was subjected to column chromatographic separation (SiO?, 
300-400 mesh, "-hexane) affording II-9 (0.33 g, 60%) and 11-10 (0.17 g, 30%) as 
white solids. II-9: NMR (300 MHz, CDCI3)： 52.73 (s, 6H, C//3). NMR 
(100 MHz, CDCI3): 5 140.6 (cage Q , 34.8 (CH3). " B NMR (128 MHz, CDCI3)： ^ 
4.4 (JB-H = 153 Hz, IB), 1.7 (JB-H 二 150 Hz, 5B), 0.0 (JB-H = 168 Hz, 5B). 11-10: H^ 
NMR (300 MHz, CDCI3)： ^2.63 (s，3H, C//3), 1.89 (s，3H, C//3). NMR 
(100 MHz, CDCI3): S 120.7 (cage Q , 83.0 (cage C), 35.6 (CH3), 27.3 (CH3). " B 
NMR (128 MHz, CDCI3)： ^13.6 (JB-H = 163 Hz, IB), -5.3 (JB-H = 160 Hz, 3B), -6.4 
( J B - H = 1 6 3 Hz, 7B). 
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Preparation of l,2-Me2-3-Ph-l,2-C2BnH,o (11-11). To a THF (30 mL) solution 
of l,2-Me2Si(CH2)2-l,2-C2BioHio (1-5’ 2.28 g, 10.0 mmol) was added finely cut Na 
metal (1.00 g, 43.5 mmol), and the mixture was stirred at room temperature for 6 
days. After removal of excess Na metal and THF, toluene (20 mL) was then added. 
PhBCb (2.60 mL, 20.0 mmol) was slowly added to the above suspension at -78 
and the mixture was stirred at this temperature for 1 h and at room temperature 
overnight. The precipitate was filtered off and washed with «-hexane (3 x 30 mL). 
The combined organic solutions were concentrated to yield a white solid, assumably 
l’2-Me2Si(CH2)2-3-Ph-l,2-C2BiiHio which was subjected to column 
chromatographic separation (Si02, 300-400 mesh, "-hexane) affording 11-11 (0.54 g, 
21%) as a white solid. 'H NMR (300 MHz, CDCI3)： S2.61 (s, 6H, CH3)，7.35 (m, 
5H, CEHS). NMR (CDCI3)： ^  146.9, 135.1, 130.7, 129.2 (CEHS), 34.59 
(CH3), the cage carbons were not observed. " B NMR (128 MHz, CDCI3): S6.69 (s, 
IB, 5Ph), 5.89 (d, JBH = 114 Hz, IB, 5H), 5.09 (d, JBH = 211 Hz, 2B, BH), 3.35 (d， 
Jbh = 153 Hz, 2B, 5H), 1.29 (d, JBH 二 151 Hz, 2B, BH), -0.68 (d, JBH = 159 Hz, 2B, 
B H l -4.19 (d, Jbh 二 154 Hz, IB, BH). IR (KBr, cm]): i; 2573 (vs) (BH). HRMS 
(EI): m/z calcd for CioHiiB,,^ : 258.2578. Found: 258.2575. 
Preparation of�l’2-(CH2)3-l’2-C2B"H"l[Na(18-crowii-6)(THF)2] (III-l). A 
THF (15 mL) suspension of l,2-(CH2)3-l,2-C2BnHi, (II-l; 0.196 g, 1.00 mmol) and 
finely cut Na metal (0.023 g, 1.00 mmol) was stirred at room temperature for 48 h. 
After addition of 18-crown-6 ether (0.264 g, 1.00 mmol), the mixture was stirred for 
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48 h to give a dark brown solution. Removal of the solvent afforded a brown solid. 
Recrystallization from a mixed THF/hexane solution at room temperature produced 
III-l as brown crystals (0.502 g，80%). IR (KBr, cm''): v 2900 (s), 2521 (s), 1343 
(w), 1252 (w), 1105 (vs), 1027 (m), 961 (m), 805 (w). UV-Vis (nm): 360. Anal. 
Calcd for CssHsvBnNaOs: C, 47.84; H，9.15. Found: C, 47.69; H 9.31. 
Preparation of [l’2-(CH2)3-3-Ph-l,2-C2BiiHio�[Na(18-crowii-6)(THF)2l 
(III-2). A THF (15 mL) suspension of l,2-(CH2)3-3-Ph-l，2-C2BiiHi�(II-2; 0.270 g, 
1.00 mmol) and finely cut Na metal (0.023 g, 1.00 mmol) was stirred at room 
temperature for 48 h. After addition of 18-crown-6 ether (0.264 g, 1.00 mmol), the 
mixture was stirred for 48 h to give a dark brown solution. Removal of the solvent 
afforded a brown solid. Recrystallization from a mixed THF/hexane solution at 
room temperature produced III-2 as brown crystals (0.598 g, 85%). IR (KBr, cm"'): 
V 2903 (s), 2516 (s), 1352 (w), 1247 (w)，1111 (vs), 1054 (m), 967 (m), 838 (w). 
UV-Vis (nm): 360，220. Anal. Calcd for CsiHeiBnNaOg： C, 52.91; H, 8.74. Found: 
C, 53.24; H 8.91. 
Preparation of [l,2-(CH2)4-l,2-C2BnH„][Na(18-crown-6)(THF)2l (III-3). A 
THF (15 mL) suspension of l,2-(CH2)4-l,2-C2BiiH,, (11-3; 0.209 g, 1.00 mmol) and 
finely cut Na metal (0.023 g, 1.00 mmol) was stirred at room temperature for 48 h. 
After addition of 18-crown-6 ether (0.264 g, 1.00 mmol), the mixture was stirred for 
48 h to give a dark brown solution. Removal of the solvent afforded a brown solid. 
Recrystallization from a mixed THF/hexane solution at room temperature produced 
III-3 as brown crystals (0.532 g, 83%). IR (KBr, cm]): v 2913 (s), 2521 (s), 1353 
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(w), 1251 (w)，1105 (vs), 1027 (m), 963 (m), 836 (w). UV-Vis (nm): 337，258, 218. 
Anal. Calcd for C2oH47Bi,Na06.5 (111-3 - 1.5THF): C, 45.03; H, 8.88. Found: C, 
45.18; H 8.92. 
Preparation of [l，2-(CH2)4-3-Ph-l，2-C2B"Hio� [Na(18-crown-6)(THF)2j 
(III-4). A THF (15 mL) suspension of l,2-(CH2)4-3-Ph-l,2-C2B,,H,o (II-4; 0.284 g， 
1.00 mmol) and finely cut Na metal (0.023 g, 1.00 mmol) was stirred at room 
temperature for 48 h. After addition of 18-crown-6 ether (0.264 g, 1.00 mmol), the 
mixture was stirred for 48 h to give a dark brown solution. Removal of the solvent 
afforded a brown solid. Recrystallization from a mixed THF/hexane solution at 
room temperature produced III-4 as brown crystals (0.495 g, 69%). IR (KBr, cm"^ ): 
V 2916 (s), 2516 (s), 1353 (w), 1250 (w), 1108 (vs), 1053 (m), 963 (m), 837 (w). 
UV-Vis (nm): 340’ 230. Anal. Calcd for CzgHssBuNaOv (III-4 - ITHF): C, 52.09; 
H, 8.59. Found: C, 52.00; H 8.88. 
Preparation of |l,2-{6?-C6H4(CH2)(CH)}-l,2-C2B„Hn]lLi(THF)4] (IV-7). A 
THF (15 mL) suspension of l,2-[o-C6H4(CH2)2]-l,2-C2BiiHii (II-7; 0.256 g, 1.00 
mmol) and finely cut Li metal (0.007 g, 1.00 mmol) was stirred at room temperature 
for 48 h to give a bright yellow solution. Removal of the solvent afforded a yellow 
solid. Recrystallization from a mixed THF/hexane solution at room temperature 
produced IV-7 as yellow crystals (0.458 g, 83%). Mp. 117 - 119�C. H^ NMR 
(THF-Dg): ^^6.87 (m, 2H, CM), 6.68 (d, J = 7 . 2 Hz, IH, C6//4), 6.56 {d,J= 12 Hz, 
IH, C6//4), 6.04 (s, IH, CH), 3.47 (s, 2H, C//2). '^C{'H} NMR (THF-Dg): 143.1, 
127.8, 127.1，126.9 (C6H4), 122.4 (CH), 46.41 (CH2), the cage carbons were not 
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observed. "B{ 'H} NMR (THF-Dg): <n.48 (s, IB, 5H), 0.31 (s, 5B, 5H), -17.41 (s, 
5B, 5H). IR (KBr, cm-'): v 2963 (m), 2880 (m), 2526 (s), 1463 (w), 1378 (w), 1043 
(m), 893 (m). Anal. Calcd for C2oH38Bi,Li02.5 (IV-7 - 1.5THF): C, 54.06; H, 8.62. 
Found: C, 54.18; H 8.95. 
Attempts to prepare 13-vertex carboranes from 1-6, 1-7 and 1-8， 
respectively. Reaction of 1-7 (1.36 g, 5.0 mmol) with 3 equiv of sodium in THF 
gave, after 6 hours , a red suspension, and the " B NMR had peaks at <5-3.88, -6.99, 
-12.69，-16.93, -18.84, -22.94, -30.95, -42.51 and -44.19 ppm, and after 16 days, a 
red suspension with a deeper color, and the ^B NMR had peaks at -7.87, -13.88, 
-18.87’ -35.29, -44.85 and -54.97 ppm, respectively. After removal of excess Na 
metal and THF, toluene (20 mL) was then added. HBBr2.SMe2 (20.0 mL of 1.0 M in 
CH2CI2, 20.0 mmol) was slowly added to the above suspension at -78 and the 
mixture was stirred at this temperature for 1 h and at room temperature overnight. 
Quenched by water and exacted with diethyl ether, the " B NMR of the combined 
organic solvents had peaks at S 5.02, 1.99, and -1.69 ppm with a pattern of 1:5:5, 
probably 13-vertex supercarborane. After column chromatography (hexane as elute), 
a white solid was obtained (0.39 g). The corresponding 13-vertex product of 1-7 
should has a formula C12H21B11 and HRMS (EI): m/z calcd for C12H21B11+ : 
282.2578. Found: 282.2581. However, the 'H NMR of this white solid in CDCI3 
could not be explained as the corresponding 13-vertex carborane, which was 
complicated and didn't match with the HRMS result. Reaction of compounds 1-6 
and 1-8 were conducted in the same manner as 1-7, and in both cases, new 
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compound could be found in the ^B NMR after the addition of dihaloborane 
reagents, S\.02, -0.51 and -1.64 ppm with a pattern of 1:5:5 for 1-6 and S-0.02, and 
-2.77 ppm with a pattern of 1:10: for 1-8. However, afer column chromatography 
seperation (hexane as eliite), no new compound was obtained. 
X-ray Structure Determination. All single crystals were immersed in 
Paraton-N oil and sealed under N2 in thin-walled glass capillaries. Data were 
collected at 293 K on a Bruker SMART 1000 CCD diffractometer using Mo-Ka 
radiation. An empirical absorption correction was applied using the SADABS 
program.59 All structures were solved by direct methods and subsequent Fourier 
difference techniques and refined anisotropically for all non-hydrogen atoms by 
full-matrix least squares calculations on F^ using the SHELXTL program package.^ ® 
For noncentrosymmetric structures, the appropriate enantiomorph was chosen by 
refining Flack's parameter x toward zero.^' All hydrogen atoms were geometrically 
fixed using the riding model. Crystal data and details of data collection and structure 
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Appendix I. Publications Based on the Research Findings 
1. Xiaodu Fu. Hoi-Shan Chan, and Zuowei Xie. "Synthesis and Crystal Structure 
of a 13-Vertex Carborane Radical Anion with 2/7+3 Framework Electrons" J. 
Am. Chem. Soc. 2007，129, 8964 - 8965. 
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Appendix II. Crystal Data and Summary of Data Collection and Refinement 
1-7 11-4 II-6 Ill-l 
formula C,2H2oB,o C.oHssB,, C.jHsiB,, CssHsTBnNaOs 
crystal size (mm) 0.50 x 0.50 x 0.50 x 0.40 x 0.50 x 0.50 x 0.50 x 0.40 x 
0.40 0.30 0.40 0.20 
fw 272.4 286.2 284.2 627.6 
crystal system monoclinic orthorhombic monoclinic monoclinic 
space group Pl^ln /'ca2, P2\/n C2/m 
a, A 10.039(3) 18.109(1) 10.617(2) 30.551(2) 
b,A 14.627(4) 13.101(1) 14.741(3) 11.514(8) 
c, A 11.432(3) 14.468(1) 10.829(2) 10.562(7) 
a, deg 90 90 90 90 
A (leg 96.92(1) 90 9 9 . 0 9 � 9 7 . 5 8 � 
y � d e g 90 90 90 90 
V,A' 1666.4(9) 3432.5(3) 1673.7(5) 3683(4) 
Z 4 8 4 4 
Sealed, Mg/m^  1.086 1.108 1.128 1.132 
radiation (A), A Mo Ka Mo Ka Mo Ka Mo Ka 
(0.71073) (0.71073) (0.71073) (0.71073) 
2沒range, deg 4.54 to 56.20 3.84 to 55.96 4.70 to 56.14 2.68 to 50.00 
h mm'' 0.052 0.052 0.053 0.084 
厂(000) 568 1200 592 丨 348 
no. o fobsd reflns 4046 7981 4050 3383 
no. of params refnd 199 415 208 260 
goodness of fit 1.021 0.996 1.001 1.093 
R1 0.0651 0.0726 0.0590 0.0881 
wR2 0.1655 0.1900 0.1394 0.2227 
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in-3 ni-4 IV-7 
formula CjeHsgBiiNaOs CssHosBuNaOg C26H50B1 山 iOq 
crystal size (mm) 0.40 x 0.30 x 0.40 x 0.30 x 0.20 x 0.10 x 
0.20 0.20 0.10 
fw 641.6 717.7 552.5 
crystal system monoclinic orthorhombic orthorhombic 
space group C2/m /"2丨2|2| Pna2x 
a, A 31.940(2) 9.806(2) 19.642(2) 
b,A 11.552(5) 12.167(2) 15.127(2) 
c, A 10.369(5) 34.318(4) 1 1 . 6 3 8 � 
(X、deg 90 90 90 
A d e g 102.00(2) 90 90 
y, deg 90 90 90 
厂，A3 3742(3) 4094.1(7) 3457.6(6) 
Z 4 4 2 
Sealed, Mg/m^ 1.139 1.164 1.061 
radiation (/I), A Mo Kctr Mo K a Mo Kor 
(0.71073) (0.71073) (0.71073) 
2(9range, deg 2.60 to 50.00 3.56 to 50.00 3.40 to 50.00 
mm"' 0.084 0.084 0.062 
尸 (000) 1380 1540 1184 
no. of obsd reflns 3477 6958 6059 
no. of params refnd 229 577 383 
goodness of fit 1.956 1.014 1.036 
0.1337 0.0952 0.0960 
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